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Abstract
The influence of the external environment on firm success is undervalued in the 
strategic management literature due to the prevailing research interest in internal 
factors. Closely related, the interaction of a market economy’s institutions with firms is 
studied in the political economic literature, suggesting that the institutional framework 
influences firms by supporting or limiting different types of business.
A qualitative study was carried out among German biometrics firms to study the 
influence of external institutional factors on firm success, focusing on international, 
quasi-governmental security policy, national security policy, sectoral technology policy, 
industry-specific legal and technical rules, inter-organisational relationships, patterns of 
firm financing and privacy concerns.
The results show that external, institutional factors exert significant influence on firm 
success, whereas internal factors have limited explanatory power. The impact differs 
depending on the market segment, as well as in terms of their supporting or limiting 
effect on firm success, the strength of impact and the instruments with which influence 
is exerted. Firms selling to the public sector are influenced more by the institutional 
framework than firms selling to the private sector. In contrast to studies in other 
sectors, the institutional framework does not support the growth of the biometrics 
industry as the positive impact of international security policy, industry-specific rules 
and trustful inter-organisational relationships do not compensate the limiting effect of 
sectoral policy, patterns of firm financing and privacy concerns.
International quasi-governmental security policy stimulates institutional convergence of 
different economies; however, overall institutional stability is preserved as the influence 
is industry-specific and governments have flexibility in implementing international 
regulations into national policy. Contrary to previous studies, firms receive less support 
through sectoral technology policy in the coordinated framework than comparable firms 
in a liberal framework. Firms strategically react with internationalisation, penetration of 
new customer segments and extension of inter-organisational relationships.
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1 Introduction
Researchers have aimed to determine the sources of firm success over the past 
decades. In the strategic management literature, the factors which support or limit the 
performance of firms have been studied and discussed controversially. In a process 
which has been referred to as a swing of a pendulum (Hoskisson et al., 1999; Furrer et 
al., 2008), research interest shifted back and forth from the internal structure of firms in 
the 1960’s to the influence of external, market and industry-related factors on firm 
success in the 1970’s and 1980’s. In the past 20 years, the majority of strategic 
management researchers have argued that internal factors such as core 
competencies, capabilities and firm resources were the critical drivers of firm success 
(e.g., Prahalad and Hamel, 1990). From the stance of recent management research 
and the extensive study of internal firm resources, capabilities and core competencies 
in the 1990s and early 2000s, research on external sources of success even appeared 
to be an out-dated strategic management subject. Yet considering the increasingly 
changing external environment of firms, the attentive scientific observer with an interest 
in practical management issues may have noticed indications that research on external 
factors might not be as out-dated. In a globalising world where firms are faced with 
increasing pressure from international markets and competitors, growing influence of 
supra-national institutions such as the European Union, and the rising expectations of 
diverse societal stakeholders it is paradoxical that mainstream strategy research still 
focuses on internal sources of firm performance while the influence of external factors 
is underestimated. Against this background, there appears to be a research gap 
between the apparent influence of the wider external firm environment on firms and the 
recent management literature’s focus on internal success factors.
In a related field, political economic researchers have studied the interaction of a 
market economy’s institutions with firms, suggesting that the institutional framework 
influences firms by creating or limiting comparative advantages for different types of 
business. Particularly, the Varieties of Capitalism stream (Hall and Soskice, 2001) 
discusses the influence of institutions in different types of market economy on the 
business of firms by creating specific comparative advantages for certain types of 
business, while limiting the growth of other types. However, even though the interaction 
of these institutions with firms have been studied intensively, little emphasis is placed 
on the impact of institutional settings on firm performance on the individual firm level, 
and the result of previous studies in the field of comparative political economic studies 
were hardly connected with the on-going discussion about the sources of firm success 
in the strategic management literature. As both literature streams have remained
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widely independent from each other, neither strategic management has benefited from 
the body of knowledge on external, institutional influences on firms in political economic 
research, nor have political economic studies sufficiently considered the results of 
strategic management research regarding the sources of firm success on the industry 
and corporate level. Consequently, it is of academic interest to study the impact of the 
wider external environment on the commercial success of firms, ideally within a group 
of firms in a single industry, and build on the existing body of knowledge both in 
comparative political economic and strategic management research to determine how 
and to what extent external, institutional factors impact the ability of firms to perform 
successfully in a particular institutional framework. As it has been suggested that the 
German coordinated market economy supports a more incremental type of innovations 
while limiting radical, revolutionary high-tech innovations (e.g., Vitols, 2001), particular 
theoretical interest emerged to study firms in a new high-tech industry which should, 
from a theoretical perspective, not be supported by the coordinated institutional 
framework. This appeared to be of particular interest as studies have shown that new 
high-tech firms and industries can succeed in a coordinated market economy such as 
Germany if this is supported by governmental policy and inter-firm networks which 
centre around large industry players (Casper, 2009).
The German biometrics sector suggested that external, institutional factors might 
essentially influence firm success. When I first encountered the young high-tech firms 
involved in the development and production of biometric products in 2000, this 
business field appeared to be one of the next “big things”. New start-ups were founded 
quite frequently, managers and media where enthusiastically discussing future 
applications and firms successfully proved their core competencies in international 
technology tests. The business environment was full of entrepreneurial spirit and 
market forecasts expected the biometrics market to grow rapidly within the next few 
years. More than a decade later, such expectations have never fulfilled. The growth of 
German biometrics firms which was expected in the early 2000s has never happened. 
Although there are some success stories, the industry and market in general still lag 
behind these expectations and surprisingly many firms encounter serious economic 
difficulties.
An essential role in the biometrics industry is assumed by a group of new high-tech 
firms which develop and manufacture the biometric core components. These so-called 
biometrics manufacturers are of great academic interest because they provide a 
valuable case to study whether the arguments of previous researchers regarding the 
sources of firm success and the influence of the German institutional framework on 
firms can be transferred to other industries. The majority of German biometrics
manufacturers never succeeded in terms of turnover, profit and other commercial 
indicators. At first glance, one could assume that the firms involved did not have the 
technological competencies required to bring successful products on the market, or 
would not dispose of the internal resources required. At second glance, a lack of 
internal capabilities and resources could not primarily be responsible for the poor 
development of this group of new high-tech firms. Although many of them have proved 
excellence in technology by successfully participating in international technology tests 
and in the course of independent certification procedures, and although they are 
recognised worldwide for their products by receiving prizes and awards, these 
competencies have not resulted in commercial success. During this study I also met 
numerous managers and entrepreneurs who are keen to penetrate the market with 
new products and who are deeply involved in their mission. It was an educated guess 
to assume that internal factors such as capabilities, resources and core competencies 
have limited explanatory power to explain why these firms failed to achieve their goals 
in the past years. Following, the question emerged to what extent factors beyond 
organisational boundaries could have contributed to or have limited firm success in this 
group of firms. The focus on internal success factors, both in management research 
and practice, might not suffice to explain the phenomena observed in the biometrics 
sector because even firms which dispose of a high level of internal competencies, 
capabilities and resources did not succeed economically. Therefore, it appeared to be 
of great interest to explore the impact of the wider external environment on firm 
success and confirm or reject the results of previous studies in high-tech industries in 
the coordinated German market economy.
This study should both include the study of factors in the German business 
environment as well as influences which might emerge from supra-national institutions. 
For example, it has been argued that the European Union facilitates institutional 
conversion on member states by influencing elements of the national institutional 
framework such as the financial system and corporate governance (Hassel and 
Williamson, 2004; Deeg and Jackson, 2007). Considering the discussion between 
complementarity theorists arguing that national institutional settings can be classified in 
different types, which remain relatively stable (Hall and Soskice, 2001), and supporters 
of the convergence theory arguing that national institutional settings tend to converge, 
both national and supra-national factors were of interest for this study.
In order to provide the theoretical and conceptual basis for an empirical study, I 
reviewed two streams of literature in chapter 2. I started with a short review of the 
strategic management literature discussing the external and internal sources of firm 
success, followed with a review of the comparative political-economic literature
concerning the influence of the German institutional framework on firms, which forms 
the theoretical and conceptual background of this thesis. Based on the literature 
review, this thesis aimed to study the influence of external, institutional factors on the 
commercial success of German biometrics manufacturers, to determine whether the 
effect of those factors is positive or negative, with what strength they impact firms, and 
by which means institutional conditions take effect on firms in practice. It also aimed to 
develop research-based strategic suggestions for decision makers in biometrics 
manufacturing firms to handle those influences. These aims were addressed with three 
main research questions; First, how external, institutional factors influence the 
commercial success of German biometrics manufacturers; second, how firms respond 
strategically to those external factors; and third, which strategic recommendations can 
be given to firms engaged in biometric manufacturing to deal with the external, 
institutional factors studied. Based on the findings of the literature review, these 
questions were answered in a qualitative study carried out among German biometrics 
manufacturers, which focused on international, quasi-governmental security policy, 
national security policy, sectoral technology policy, industry-specific technical and legal 
rules, inter-organisational relationships, patterns of firm financing and privacy concerns. 
Chapter 3 provides the research methodology and design of the field study. Following, 
chapter 4 introduces the research context of the German biometrics industry, and 
chapter 5 is dedicated to the presentation and discussion of the results. Finally, 
conclusions are drawn and reflected in chapter 5.
From a theoretical perspective, this study provides a new contribution to the body of 
comparative political economic research by studying the influence of the institutional 
setting on high-tech firms in the coordinated German market economy in an industry 
which has not been studied in this context before. It also contributes to the discussion 
between complementarity and convergence theorists by studying the influence of 
supra-national institutions on firm performance. In the field of strategic management, 
the study adds to the on-going discussion on the sources of firm success and aims to 
revive the research interest in the wider external firm environment in this literature 
stream. It also provides further theoretical insights as it builds on previous findings in 
both research fields, which have been studied rather independently from each other, 
and connects them empirically. It offers new insights for management practitioners as 
the results concerning the sources of firm success can be applied in strategising and 
decision-making in firms in different industries. Eventually, it provides particular insights 
for practitioners in the focal industry by developing strategic recommendations how to 
handle the impact of the external, institutional factors studied.
2 Literature Review
2.1 Introduction to the literature
Over the past years, firms have been facing considerable change in their business
environment. Under the pressure of globalising competition, growing complexity of 
business and demand-driven markets, the number of factors firms need to consider in 
their external environment has grown rapidly. Awareness of those influences and the 
development of appropriate strategies have become highly relevant for firms. Against 
this background, research on the factors which determine firm success and on the 
interaction of firms with their environment has evolved in different streams of literature,
each with their own perspective and approach to the topic. In the strategic
management literature, an on-going debate centres on the question which factors 
contribute to the commercial success of firms and whether external or internal factors 
are more relevant for firm performance. Concurrently, a stream of comparative 
research has evolved in the political economic literature which is interested in the 
institutional framework of market economies and the influence of institutions on firms 
that are embedded in this framework. Nevertheless, the majority of current strategic 
management researchers have focused on the influence of internal competencies and 
firm resources on success, and the comparative political economic literature which is 
concerned with the institutional environment remains rather isolated from strategic 
management research.
In the 1990s and early 2000s, a high-tech industry has emerged in the field of 
biometrics in Germany, with a group of firms involved in the development and 
production of biometric products in its centre. These biometrics manufacturers have 
faced considerable challenges which have not been subject of scientific research yet. 
While the technical foundations of biometric technologies have been mapped by a 
number of researchers, it is less clear at present which external factors contribute to or 
limit the success of the German biometrics manufacturers, and how they do so.
The aim of this chapter is to review the literature regarding the question which external 
factors influence the commercial success of high-tech firms in Germany. It discusses 
which sources of commercial success and firm performance were identified by previous 
researchers in the fields of strategic management, comparative political economy and 
related fields. My intention is to synthesise these widely independent streams of 
literature, identify relationships and lead to the research questions which need to be 
explored. By shedding light on the academic background of the proposed research 
topic, it provides the theoretical foundations of this study.
The structure of this review follows the streams of literature and is divided into two 
main sections. I will start by reviewing the strategic management literature with 
emphasis on the external and internal factors that contribute to the commercial success 
of firms. Later, I will introduce the comparative political economic literature as well as 
selected political scientific sources, describe the particularities of the German business 
environment and explore how these particularities relate to my topic. At the end of the 
literature review a conceptual map (Hart, 1998) visualises the results of the literature 
review.
2.2 External Factors and Firm Success: A Strategic Management 
Perspective
In this main section I discuss how strategic management researchers have argued 
regarding the sources of firm success and how controversially the influence of the 
wider external environment on firms has been discussed by different schools of thought 
in the strategy literature.
2.2.1 Determinants of Success: A Subfield of Strategic Management Research
Political and military leaders have deployed strategic thinking long before strategic 
management has evolved as a management discipline. At the beginning of the 19th 
century, Clausewitz called strategies neue Wege der Klugheit (new paths of wisdom) 
(Clausewitz, 2008). Since then, the general idea of strategy has been to think ahead of 
a given situation and plan future goals and activities. Since the 1960s and 1970s when 
Chandler (1962), Ansoff (1965) and Andrews (1971) published their works, strategic 
management has become an independent research area (Hungenberg and Wulf, 
2004). In the past decades, the body of strategic management knowledge has been 
growing rapidly.
Analysing the external environment has been part of strategic management since the 
early days of this discipline both in the literature and in practice. Firms rely on strategic 
management to handle the growing complexity in their environment as well as the 
manifold requirements of stakeholders. In the past years, the speed of change in the 
business environment has been increasing. Under the pressure of globalising 
competition, growing business complexity and demand-driven markets, firms must be 
prepared at any time to react quickly to unexpected events in their wider external 
environment. Strategic management aims to enable firms to respond successfully to 
those changes (Thompson and Strickland, 2003; Macharzina, 2003; Bea and Haas, 
2009). This is reflected in the strategic management literature. An overview of more 
than two decades of research in strategic management reveals the most relevant
subfields (Furrer et al., 2008). Among these subfields, an ongoing debate centres on 
the question what factors contribute to the commercial success of firms (Hoskisson et 
al., 1999; Furrer et al., 2008). In this debate, two major streams of theory have 
emerged that are characterised by the extend to which they focus on either the external 
or internal determinants of firm success. Hoskisson et al. compares this discussion with 
the swing of a pendulum where research interest shifted from the internal 
characteristics and strategic options of firms in the 1960’s to factors deriving from 
industry structure in the 1970’s and 1980's, and back to internal characteristics in the 
1990’s (Furrer et al., Hoskisson et al., 1999). More recently, the pendulum has moved 
back towards the influence of the external environment.
In several studies researchers have sought to identify the sources of firm success. In 
the 1960’s, management researchers and practitioners initiated the first large-scale 
empirical studies to determine the influence of particular factors on the commercial 
success (or performance) of firms. Among them were the PIMS studies which aimed to 
provide evidence how market strategies determine commercial success of firms, 
measured in terms of profit (Schoeffler et al., 1974; Buzzell and Gale, 1987; 
Hungenberg and Wulf, 2004). In strategic management, PIMS has been one of the 
most recognized projects, yet it is criticised that emphasis was put on large firms and 
only few small and medium-sized firms were considered (Mintzberg et al., 1998). Other 
authors criticise the lack of consideration of qualitative aspects in the PIMS database or 
argue that the PIMS results are biased by the participants’ self-reporting (Tellis and 
Golder, 1996). Although this criticism points to significant limitations, the PIMS studies 
provide the valuable concept that the external environment of firms influences firm 
performance, and that the results of strategic action can be measured.
2.2.2 Industrial Organization: External Influences on the Industry Level
The influence of external factors on firm success moved into the centre of interest of 
strategic studies with a focus on market and industry effects. During the evolution of 
strategic management, researchers have adopted several concepts from adjacent 
research fields such as economics (Lockett and Thompson, 2001; Hungenberg and 
Wulf, 2004). One of the research fields that had particular impact on the discussion of 
external success factors in the strategy literature in the 1970’s and 1980’s is industrial 
organization, which was concerned with the mechanisms of markets and industries and 
the influences on the strategic behaviour of firms (Porter, 1981 ; Dess, 1990; Rumelt et 
al, 1991; Furrer et al, 2008). This research stream derived from microeconomics and 
the search for optimal allocation of resources in markets of imperfect competition. The 
starting point for industrial organization was Joe Bain’s Structure-Conduct-Performance
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(S-C-P) paradigm (Bain, 1956 and 1968). Bain used the term “industry” for groups of 
firms in an economic sector that compete with each other because their products target 
the same customers and are more or less substitutes (Bain, 1956 and 1968). 
According to the S-P-C paradigm, the performance of an industry depends on the 
ability of firms to adapt to external, structural factors grounded in market and industry. 
The original approach of Bain has been extended by several authors who argue that a 
firm’s success is influenced by the conditions of the external firm environment, mainly 
the constitution of market and industry factors (Porter, 1981, 1998 and 2004; Dess, 
1990; Carlton and Perloff, 2004). Even though researchers have not consistently used 
the term external environment, the general idea of this research stream relates directly 
to the issue how firms are influenced by their environment: A number of basic  
conditions in the firm environment such as demand, demand elasticity, technology, 
location, substitutes, unionization, raw materials etc. influence the structure of an 
industry. This structure is characterised by the number of buyers and sellers, market 
entry barriers, product differentiation, diversification etc. The structure then influences 
the co n d u ct of the industry’s firms. Lastly, the conduct of firms, which is expressed in 
their pricing behaviour, investment, research and development, advertising, legal 
tactics, mergers etc., influences the industry’s perform ance. The performance itself 
can be measured in terms of sales volume, profit, efficiency, quality, technical progress 
etc. (Carlton and Perloff, 2004; Porter, 2004). With respect to this study, industrial 
organization implies that the constitution of the external environment is decisive for firm 
success, even though performance is primarily measured on the industry level.
Michael Porter was one of the pioneers who realised that from the structure, conduct 
and performance of an industry many parallels can be drawn to the structure, strategy 
and success of firms (Porter, 1981). In their review of theory and research in strategic 
management, Hoskisson et al. point out that Porter’s contributions to strategic 
management are among the most cited (Hoskisson et al., 1999). Porter asked what 
individual firms could learn from industrial organization and what influence industry 
effects have on the success of firms. Thus, his focus shifted from the societal welfare 
perspective of industrial organization to the strategic success of firms and 
performance-related issues. Beyond strategic management research. Porter’s work 
has contributed to the way strategic analysis and strategy formulation are undertaken 
by practitioners. By providing tools used by firms until today, he is one of the few 
strategy theorists that have successfully bridged the gap between academic strategy 
research and strategic management in firms.
One of Porter’s tools is The Five Competitive Forces Model, which is used to analyse 
an industry’s structure and the competitive forces that drive profitability (Porter, 2004
and 2008). Deriving from industrial organization, one of the reasons of the model’s 
popularity is that it provides microeconomic ideas in a strategic model, which is
applicable in firm practice. Advocates of this model suggest that it provides inside
views of an industry and can be as a basis for strategy development. They also argue 
that the ability to adapt to external factors relating to market and competition is 
necessary for commercial success (e.g., Bowman/Faulkner, 1997; Morden 1999;
Thompson and Strickland, 2003). In a recent article that updates his original ideas,
Porter describes how this model can be used not only to analyse an industry’s structure 
but also as the starting point for corporate strategy development, based on the actual 
and the desired configuration of the five forces (Porter, 2008).
The transformation of industrial organization concepts to strategic management 
research and the focus on external drivers of profitability formed what is today known 
as the market-based view (MOV) (Porter, 1981; Bourgeois, 1984; Bea and Haas, 
2009). Proponents of this perspective suggest that firm profitability is a function of 
industry and market conditions (Lehrer, 2001). Since then, many authors have sought 
to trace the connection of industry effects and firm success. Dess et al. analysed the 40 
most cited empirical studies published in the 1980’s on industry effects. Although they 
draw attention to the fact that several authors have used inadequate control for industry 
effect and industry effects are more difficult to control than intra-firm variables they 
argue that according to a large number of empirical studies, industry effects have direct 
influence on firm performance (Dess et al., 1990). The notion that factors in the 
business environment influence firm performance has been supported by other 
researchers (e.g., Prescott, 1986). In summary, the literature suggests that the 
commercial success of firms at least partially depends on factors that are located 
outside the organisational boundaries of firms. Transferring these results to this study, 
it is of academic interest to study empirically how market and industry-related external 
factors influence firm success in the German biometrics sector.
2.2.3 Strategic Groups: Intra-Industrial Differences
Against the background of the criticism that most industries comprise firms with 
different backgrounds and particularities, researchers have searched for more 
differentiated intra-industry analysis concepts. The concept of strategic groups 
provides a model to classify intra-industry groups of firms according to their strategic 
position, which can be applied to the industrial research context of this thesis. Members 
of a strategic group may have similarities of different kind such as products, 
technology, served customers or other factors (Gulati et al., 2000). McGee and 
Thomas (1986) suggested that this grouping allows a tighter characterization than the
more loosely drawn industry structure and provide a review of the literature on strategic 
groups. Most authors have used quantitative measures to characterize strategic 
groups, e.g. financial variables; however, there is little general agreement on how 
strategic groups are defined. A strategic group can also consist of firms following a 
comparable strategy with respect to certain strategic dimensions (McWilliams and 
Smart, 1993; Becker and Fallgatter, 2007). Although the existence of strategic groups 
has been questioned by some researchers (Barney and Hoskisson, 1990; Gulati et al., 
2000), the majority of researchers agree that intra-industrial sub-groups display closer 
similarities than all members of an industry on average. Systematic explorations of the 
relationship between strategic groups and firm performance have shown that strategic 
group effects within an industry influence firm performance comparably to across- 
industry effects (McGee and Thomas, 1986; Thomas and Venkatraman, 1988; Dess et 
al, 1990).
Applied to the industrial context of this study, it is necessary to identify the strategic 
groups in the German biometrics industry and focus the field study on one of the 
groups to receive more specific results. Consequently, I will explore these strategic 
groups and chose one of them for the field study in the course of sampling (see 
methodology chapter).
2.2.4 The Internal Perspective: Firm Competencies and Resources
The perspective that firm success essentially depends on the constitution of the wider 
external environment, however, has not been shared among all researchers. 
Opponents of this perspective have argued that theorists who focus on the adaptation 
of firms to external factors tend to underestimate the relevance of factors inside the 
firm. Since the early 1990's a paradigm shift from the market-based view towards 
internal firm resources can be observed in the literature and measured according to the 
published articles and citation frequencies (Lehrer, 2001; Furrer et al., 2008). While the 
interest for internal resources has roots in the work of Edith Penrose in the 1950’s 
(Penrose, 1959; Hoskisson et al., 1999; Rugman and Verbeke, 2002; Buckley and 
Casson, 2007; Furrer et al., 2008), as well as in the research of Chandler (1962) and 
Ansoff (1965), the term resource-based view (RBV) was first used by Wernerfelt 
(1984). Advocates of the resource-based view argue that a firm’s profitability is based 
on competencies and capabilities that differentiate it from competitors (Lehrer, 2001). 
In one of the most cited articles in the strategic management literature, Barney (1991) 
argued that the outside-inside perspective of the market-based view ignores the 
heterogeneity and immobility of firm resources. He then introduced the concept of firm 
resources as a source of competitive advantage and built an argument for a resource-
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based model of strategic management, which questioned the dominant position of the 
market-based view. His arguments were echoed by Peteraf (1993) who analysed the 
underlying conditions of sustained competitive advantage and suggested applications 
of the resource-based view for corporate strategy. Both Barney’s and Peteraf s articles 
are among the most cited articles in the strategic management literature of the 1990’s, 
which indicates that they have been rather influential in the discussion about the 
sources of firm success.
The resource-based view received further support when Prahalad and Hamel 
published their article on core competencies in 1990, calling for a new perspective on 
the sources of competitive advantage. They argued that a firm’s success depends on 
the ability to deliver significant customer benefits, which is called core competency 
(Prahalad and Hamel, 1990). Their perspective contradicts the paradigm that firm 
success depends on the constitution of external factors and on the ability of firms to 
adapt to market conditions (Porter, 2004). In contrast, the resource-based view 
emphasises the contribution of internal firm resources and competencies to commercial 
success. Resource theorists argue that it is the uniqueness of a firm rather than factors 
in the environment that determine performance (Prahalad and Hamel, 1990; 
McWilliams and Smart, 1993; Hoskisson et al., 1999; Hail, 2001; Rugman and 
Verbeke, 2002; Duschek and Sydow, 2002; Macharzina, 2008). For example, 
McWilliams and Smart argue that “the focus on industry structure [...] may result in 
research that deflects interest from more central issues in strategic management 
research, such as measuring performance, recognizing and exploiting core 
competencies, restructuring, entrepreneurship, globalization, and strategic intent” 
(1993:631). In addition to that, they argue that the S-C-P model -  and strategic 
management based on this model -  uses the wrong level of analysis, is too static and 
over focused on barriers to entry (McWilliams and Smart, 1993).
Both the market-based and the resource-based view have been influenced by 
economics (Rumelt et al, 1991; Barney et al, 2001; Lockett and Thompson, 2001). In 
the 1991 Strategic Management Journal Winter Special issue this relationship was 
discussed with the aim to enhance the academic exchange between economics and 
strategic management (Schendel, 1991). Later, Conner (1991) provides an attempt to 
compare the historical roots of the resource-based view and Industrial Organization, 
and points to the joint heritage of both approaches. Applied to the context of this study, 
the question arises whether firm success in the German biometrics industry is 
influenced by external factors, and how these factors influence firms in practice.
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2.2.5 External and Internal Success Factors: A Contradiction of Theories?
Although the resource-based view has been the dominating strategic management 
paradigm in the past 1990s and early 2000s, several researchers have criticised the 
limited focus on internal firm resources in the resource-based paradigm. For example, 
when Barney et al. published their retro perspective of the resource-based view in the 
Journal of Management in 2001 (Barney et al, 2001), Priem and Butler (2001a and b) 
answered directly in the Academy of Management Review that the resource-based 
view would not meet the requirement of a theoretical system because its empirical 
value was low and its conclusions remained tautological. Of the various criticisms 
expressed one of the most insistent has been that the core constructs of the resource- 
based view were poorly defined (Foss and Knudsen, 2003). Powell (2001) adds that 
“as a performance hypothesis, competitive advantage has received surprisingly little 
formal justification, particularly in light of its centrality in strategy research and practice” 
(Powell, 2001:875). Recent strategic management literature supports this argument. 
For example, Newbert (2007) states that the basic principles of the resource-based 
view are not justified by empirical studies, which is consistent with Powell (2001) and 
Foss and Knudsen (2007). Priem and Butler further question the usefulness of the 
resource-based view’s inside-orientation as a basis for strategic management (Priem 
and Butler, 2001a and b). The criticism regarding conceptional inconsistencies and 
insufficient evidence was echoed in the German management literature (LCideke et al., 
2006), even though most critics do not go as far as Nicolai and Krieser (2002) who 
generally question the results of research on success factors.
Against the background of this discussion, several studies aimed to identify the sources 
of firm success and to compare the influence of external and internal factors. Having 
analysed 264 firms across 69 industries, Mauri and Michaels postulate that both 
industry and firm effects have an influence on firm performance; however, they 
underline that the influence of firm effects is stronger than of industry effects (Mauri and 
Michaels, 1998). McGahan and Porter (1997) report on one of the largest studies of the 
determinants of American firms’ profitability. Their analysis is based on a dataset of 
more than 70,000 firms from all economic sectors of the United States, except the 
financial sector, over a 14-year period. They found that industry effects account for 
19% and business segment effects (which include segment-specific and firm-specific 
factors) account for 32% of the variance in firms’ profitability. Overall, there appears to 
be a high influence of industry and sector-specific factors. In some sectors, industry 
effects account for over 40% of the variance in firm profitability. The authors also 
criticise antecedent studies which lead to other results (e.g., Rumelt, 1991) for their
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shorter period of observations, a limited focus on the manufacturing sector, as well as 
for methodological errors. As a result, McGahan and Porter recommend researchers to 
avoid a limited focus on organisation issues (McGahan and Porter, 1997). In the 
context of my research study this is a further motivation to explore the influence of 
external factors on firm success.
Acknowledging that both external and internal factors influence firm success, several 
authors have attempted to combine the market-based and the resource-based 
perspective (e.g., Mintzberg, 1998). Resource theorists have also reacted to the 
criticism of market-based scholars in the resource-based view. Answering Porter’s 
criticism (Porter, 1996), several resource theorists apply the idea of dynamic 
capabilities to the resource-based view in order to consider issues of change in the 
business environment. Dynamic capabilities are defined as a set of identifiable and 
specific processes in firms (Teece et al., 1997; Eisenhardt and Martin, 2000). Helfat 
and Peteraf argue that the idea of dynamic capabilities brings a processual dimension 
into the resource-based theory (Helfat and Peteraf, 2003). In the strategic management 
literature, the processual perspective is supported by Teece et al. (1997) who note that 
firms operating in an environment of rapid technological change must strive for 
competitive advantages by dynamically developing their internal capabilities such as 
processes and assets. Teece et al. criticise the market-based perspective to focus 
overly on static market entry barriers and market structure. Paradoxically, the resource- 
based view is criticised itself for being overly static and ignoring processual aspects. 
For example. Porter argues out that more attention should be drawn to dynamic, 
process-related issues (Porter, 1996). In a more recent publication, he emphasises the 
importance of changes in an industry’s structure over time and suggests analysing an 
industry over the full business cycle, at least over three to five years or even ten years, 
to distinguish cyclical from structural effects (Porter, 2008).
Considering the course of discussion between the resource and the market-based view 
it is remarkable that the scholars of both streams simplify the arguments of the other 
stream. Even though there are theorists who seek for purity of paradigms, I found little 
contradiction between the argument that a firm’s internal resources constitute the 
foundations of commercial success, and the argument that commercial success is 
influenced by factors that are generated in the wider external firm environment. 
Reliance on either the external or the internal perspective is certainly not sufficient for 
strategic decision making. As to the criticism in the static approach of industry and 
strategic group analysis I find that this type of cross-sectional analysis is comparable to 
a photograph taken at a certain moment, yet it does not imply the existence of an 
enduring static state. Irrespective of the school of thought, the call for a more process-
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related perspective appears to be appropriate considering the changing nature of 
markets and the strategic environment of firms. Several theorists have aimed to 
reconcile external and internal perspectives on the firm (e.g., Hooley et al., 1998; 
Mintzberg, 1998); however, studies on the influence of the external environment on 
firms are underrepresented in the recent strategic management literature, which is 
remarkable against the background of an increasingly changing external environment 
and growing international competitive pressure on firms. To close this gap, the 
influence of the external environment on firm success should be studied empirically. 
Beside the discussion between scholars of different schools of thought about the 
sources of firm success, the literature review points to a methodological issue. Both the 
market-based and the resource-based view have widely relied on the positivist 
paradigm and quantitative research methods inherent to it. Since the majority of 
strategic management researchers work within the positivist paradigm, the search for 
quantifiable success factors has dominated the field (Nicolai and Krieser 2002; 
Tywoniak, 2007). Only recently, a new interest in qualitative aspects in strategic 
management can be observed in the literature, which is a methodological recurrence to 
the early years of strategic management when in-depth case studies formed the base 
of the groundbreaking works of Chandler (1962), Ansoff (1965) and Andrews (1971). 
Nevertheless, the study of the sources of firm success is still dominated by quantitative 
methodological approaches, and little attention has been paid to the perceptions and 
interpretations of the people that are a constituting element of firms' strategic decisions.
I argue that these perceptions and the tacit knowledge of firms should be gathered with 
the methods of qualitative inquiry, which is supported by several researchers who 
acknowledge the importance of qualitative inquiry in strategic management research 
(Rouse and Daellenbach, 2002; Tywoniak, 2007).
Against this background, I find that there is a need for interpretivist studies using a 
qualitative methodology to study the sources of firm success, with a particular focus on 
the external environment of firms as the influence of the external environment has been 
underrepresented in the recent management literature. Applied to this thesis, it needs 
to be studied empirically with the methods of qualitative inquiry how factors in the 
external environment influence the commercial success of German biometrics 
manufacturers.
2.2.6 Strategy as Practice: Strategic Decisions in Firms
The discussion of success factors is closely linked to the Strategy as Practice approach 
that emphasises the acting of people in strategic management. Since main-stream 
strategic management research stands in the tradition of micro-economics and has.
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therefore, widely focussed on the economic side of strategic issues, the role of human 
action in strategy formulation and implementation has been undervalued (Jarzabkowski 
et al., 2007; Chia and MacKay, 2007). While strategy researchers are interested in 
exploring the underlying causes and explanations of strategic management, the 
Strategy as Practice approach is concerned with strategy development and translation 
of such strategy into action.
Since the landmark contributions by Michael Porter strategy research has largely 
been based on the micro-economics tradition. As a consequence, research has 
typically remained on the macro-level of firms and markets while reducing strategy 
to a few causally related variables in which there is little evidence of human action.
As many researchers have pointed out, strategy research seemed to have lost 
sight of the human being. (Jarzabkowski et al., 2007:5)
Strategy as Practice theorists define strategy as a socially accomplished activity of 
actors (Jarzabkowski et al., 2007). Hence, they are more interested in the acting of the 
practitioners developing and implementing strategies than in analysis of firm and 
industry effects on performance where little attention is paid to the people who form 
strategies (Jarzabkowski and Spee, 2009). Even though the Sfrafegy as Pracf/ce 
approach has been criticised by some researchers since then for viewing at strategy 
practice from the rather narrow and under-theorised perspective of what people do 
(e.g., Carter et al., 2008), I yet find that the human-centred foundations of this research 
stream have two implications for my own research. First, it is of great interest to study 
how external factors exert influence on firm strategies in practice and how firms react 
strategically to the external factors studied. Second, it suggests that beyond the rather 
mechanical, quantitative approaches of previous strategic management studies, more 
effort should be spent on qualitative inquiry based on the perception of human beings 
to explore the influence of external factors on firm performance. In the context of this 
study, the question arises how German biometrics manufacturers in practice react 
strategically to the influence of the external environment and what strategic decisions 
are made by managers to handle the influence of external factors.
2.3 Institutional Influences on German Firms: A Political Economic 
Perspective
As the previous section has shown, the impact of the wider external environment on 
firms has been studied by strategic management researchers with a focus on market 
and industry-related factors, and it has been demonstrated that firm success essentially 
depends on the constitution of the external environment. Surprisingly, the broader
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institutional context, particularly the influence of political economic factors in the 
business environment, has not been in the centre of the past years’ strategic 
management research. Quite the contrary, the influence of the external, institutional 
environment on firms and the interaction of firms with these institutions have been 
discussed widely independent from the strategic management literature in a more 
recent political economic literature stream concerned with the comparative analysis of 
market economies.
In order to identify and evaluate the influence of external factors on the commercial 
success of German biometrics manufacturers, this section aims to identify external 
determinants of firm success which emerge in the institutional environment in which 
German firms operate. I will apply a political economic perspective through an analysis 
of the institutional framework to determine how these institutions influence the 
commercial situation of German firms, with particular emphasis on high-tech firms.
At the beginning, the strategic management literature is linked with the comparative 
political economic literature with a short review of previous studies on the 
embeddedness of firms in their external business environment. Then, I discuss the 
results of comparative institutional studies regarding the influences of different types of 
market economies, or business systems, on firms. Later, I review the influence of the 
German business system on firms. In combination with the previous section, this 
section constitutes the conceptual and theoretical background for the field study in the 
German biometrics industry. The results of the review will provide the basis for the 
conceptual map in section 2.4 and the research aims and questions in section 2.5.
2.3.1 Embeddedness of Firms: The Influence of the External Environment
As discussed in the previous main section, strategic management researchers have 
studied the impact of external, market and industry-related influences on firms. Closely 
related, researchers have revived the discussion about the factors that determine 
performance by studying the embeddedness of economic actions in socio­
economic structures. This body of literature links the strategic management literature 
with comparative political economics by discussing the influence of external factors on 
firms and firms’ interaction with the external environment.
Orthodox economic theory has been criticised for undervaluing the relevance of firm 
embeddedness in the socio-economic environment and societal influences on firm 
performance (e.g., Uzzi, 1997; Bachmann, 2003). The embeddedness of economic 
action in the socio-economic environment has, for example, been studied by 
Granovetter (e.g., 1985; 2005 a), who argues that economic behaviour cannot be 
independent from social relations. Granovetter’s interpretation of economic behaviour
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against the background of socio-economic structures has roots in the work of early 
sociologists such as Marx (Marx and Engels, 1848), Durkheim (1893) and Weber 
(1921), who were the first researchers studying the relationship between economy and 
society (Guillen et al., 2005). Taking on this thought, the New Economic Sociology 
(Granovetter, 2005 b) is based on the idea that the embeddedness of human beings in 
their sociological context, or network, should be considered in the study of economic 
behaviour. This approach relates to my study considering that firms are, similar to 
individuals, embedded in socio-economic relations with other firms and institutions in 
their external environment. In his frequently cited article on social structure and 
competition in inter-firm networks, Uzzi (1997) points out that economic action and 
economic organisations are always embedded in a social structure and that social 
relations influence economic behaviour. In this context, Uzzi focuses on structural 
embeddedness while noting that political, cognitive and cultural embeddedness could 
be other research fields (Uzzi, 1997). Particularly, the discussion of structural and 
political embeddedness provides a link between the analysis of the external 
environment in the strategic management literature and the political economic 
discussion about the interaction of firms with their political economic environment, 
which is the focus of this section.
Other researchers have focused on the embeddedness of firms in inter-firm networks 
and pointed to the impact of such networks and strategic alliances on the economic 
performance of firms (Gulati, 1998). A systematic exploration of network 
embeddedness is presented by Gulati et al (2000) who compare the traditional market 
and resource perspectives of firm performance with the network perspective. They 
criticize that strategy research has failed to consider the participation of firms in 
strategic networks as a source of differences in profitability (Gulati et al., 2000). This 
criticism implies that firm success is influenced by the relationships of firms with other 
organisations. Of particular interest for my research is Gulati and colleague’s 
proposition that “a consideration of strategic networks allows a more refined 
understanding of industry structure -  since industry participants can be seen as 
embedded in networks of resources, information, and other flows” (Gulati et al., 
2000:205). Baum et al. provide the case of the Canadian biotechnology industry to 
illustrate the influence of a start-up’s position in external networks on firm performance 
(Baum et al., 2000), which is supported by Stuart (2000) at the case of the 
semiconductor industry. These cases raise the question whether the results rearding 
the influence of external factors on firm success can be transferred to the German 
biometrics industry.
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More recent contributions to the body of knowledge support the argument that inter-firm 
networks and cooperation have positive effects on performance. For example, Zaheer 
and Bell (2005) provide the Canadian mutual fund industry to back their argument that 
firms with excellent external network structures can better exploit their internal 
resources and improve their performance, which connects the discussion on external 
factors with the resource orientation of the resource-based view. The criticism of the 
limited focus on the influence of internal factors on firm success is backed by Bell 
(2005) who analyses the effects of industry clusters and networks on performance and 
concludes that participation in an industry cluster increases a firm’s innovativeness. 
Based on these findings, Bell builds an argument for the impact of factors in the wider 
external environment on firm success. Tywoniak (2007) follows this argument when 
stating that the effective operation of firms requires an extension of activities beyond 
organisational boundaries to strategic partners. In addition to that, studies have 
revealed a particular impact of inter-firm cooperation on firms in knowledge-based 
industries. In this context. Hill and Becker point to the example of the German 
biotechnology when arguing that network effects are decisive for the success of 
knowledge-based innovations (Hill and Becker, 2007). It is of interest to study 
empirically whether this argument can be transferred to the context of the German 
biometrics industry, which as a new high-tech industry comparably depends on 
specialised know-how (see chapter 4). The finding that a firm’s performance depends 
on its embeddedness in networks and the ability to take advantage of inter- 
organisational cooperation raises the empirical question how the German biometrics 
manufacturers are embedded in their external environment, and how inter- 
organisational relationships are structured in this sector.
What can be stated here is that the literature provides sufficient evidence to argue that 
that firm performance is significantly influenced by the structural context in which firms 
operate. The embeddedness of firms in their socio-economic and political economic 
environment has impact on firm success by influencing the framework conditions which 
limit or support business, and there is evidence that firm success essentially depends 
on the ability of firms to interact with their environment. Similarly, a firm’s success 
depends on the ability to establish and exploit cooperation across organisational 
boundaries, for example in inter-firm networks. This leads to the empirical questions 
whether the results previous studies on firm embeddedness can be transferred to other 
industry sectors such as the biometrics industry, which external factors influence the 
commercial success of German biometrics firms, and how these factors actually exert 
influence on firms
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2.3.2 Varieties of Capitalism Research and Firm Success
The previous section has highlighted that firms are structurally and politically 
embedded in their external environment and that the constitution of this environment, 
as well as the interaction of firms with their environment, essentially influences firm 
success. The embeddedness of firms in their business environment has also been 
studied by political economic researchers focusing on the institutional environment, the 
interactions of firms and institutions and the way institutions shape the economic 
behaviour of firms. Among the issues of political economic research, the comparison of 
different types of the capitalist economic system has been a vivid field (e.g., Shonfield, 
1965; Albert, 1992; Whitley, 1999; Fulcher, 2007). Globalisation and increasing 
international competition have triggered research studies focusing around the question 
why national economies perform differently and what constitutes a business system’s 
sources of comparative advantage (Whitley, 1999). Particularly, comparative political 
economic research has concentrated on the factors that characterise a country’s 
political economic system, how they relate to differences in economic performance and 
how firms build competencies within those systems. For example, Whitley provides a 
comparative business system framework, arguing that in European as well as East 
Asian countries business systems have developed differently due to institutional and 
cultural differences (Whitley, 1994). This research stream is relevant for my study 
because factors in the institutional environment of firms are external factors, similarly to 
market and industry-related factors as discussed by strategic management researchers 
such as Porter (e.g., 2008), and might similarly influence firm performance.
In the field of comparative political economic analysis, the Varieties of Capitalism (VoG) 
stream by Hall and Soskice (2001), which was developed at the Oxford University, the 
Harvard University and the Wissenschaftszentrum Berlin für Sozialforschung (WZB), is 
of particular relevance for this study because it discusses the impact of institutional 
differences on firms. Theorists in this field suggest that a political economic system is 
characterised by the mode of cooperation between the economic actors and the 
institutions in the system, as well as interaction of the institutions themselves. Firms as 
the central actors in an economy have relationships to institutions and have to 
coordinate themselves with other actors (Hall and Thelen, 2009; Lane and Probert, 
2009). According to the complementarity theory, a country’s institutions complement 
each other to relatively stable systems. The differences in the institutional framework of 
nations provide different incentives for economic participants to coordinate their 
activities, either by enabling or constraining certain ways of coordination, thus leading 
to different comparative advantages. Previous studies have underlined that variances
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in the institutional framework generate different comparative advantages of firms, 
industries and national business systems because economic actors coordinate their 
activities in a manner that is appropriate in and supported by their institutional 
environment (Hall and Soskice, 2001; Lane and Probert, 2005; Carlin and Soskice, 
2008). Firm success depends on the ability to coordinate economic activities with other 
firms and institutions in the external environment (Hall and Soskice, 2001). Varieties of 
capitalism theorists have identified two types of capitalism -  liberal market economies 
(LMEs) such as the United States and coordinated market economies (CMEs) such as 
Germany. Whereas firms in a liberal market economy tend to organise their 
negotiations and relationships through market instruments, firms in a coordinated 
market economy rely more on non-market coordination instruments. Negotiations and 
relationships are rather centralised and delegated to institutions such as unions, 
employers’ associations, trade and industry associations (Hall and Soskice, 2001). 
Rather similar, Whitley (2010) distinguishes six types of business systems of market 
economies, ranging from fragmented to state organised according the degree of 
economic coordination (Whitley, 2000). Whereas the Anglo-Saxon business system 
can be considered as compartmentalized, the German business system is 
collaborative, with distinct characteristics which are similar to the liberal-coordinated 
dichotomy of the varieties of capitalism theory (Hall and Soskice, 2001).
Following the VoC approach, different institutional frameworks provide different 
comparative advantages for firms to organise their business and engage in different 
business fields (Hall and Soskice, 2001). Market economies can be classified 
according to five defining institutions: Corporate governance and the financial system, 
firm structure and firm-internal incentive structures, industrial relations, the education 
and training system, and inter-organisational relationships that facilitate technology 
transfer (Carlin and Soskice, 2008). I follow for this study that the external institutional 
environment exerts a decisive influence on firm success by supporting or inhibiting 
certain types of business. This is of great interest for this study because it sheds light 
on the question how the German institutional environment influences German high-tech 
firms and raises the empirical questions how the business of German biometrics 
manufacturers is influenced by institutional factors, how biometrics firms coordinate 
their inter-organisational relationships within this institutional framework, and how this 
positively or negatively influences firm success.
In this context, another issue of interest is the argument that firm strategies differ in 
accordance with their institutional environment, which contrasts Chandlers (1962) 
statement that structure follows strategy. Quite the contrary, studies have indicated that 
strategy adapts to the institutional structure in which firms operate economically (Hall
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and Soskice, 2001; Lane and Probert, 2009). In order to discuss how the organisational 
strategies of German biometrics firms are influenced by their institutional environment I 
discuss selected particularities of the German business system in the next section.
2.3.3 Patterns of Firm Financing: The Impact of the Financial System
Studies have shown that the German business system shows particularities in terms of 
the financial system and corporate governance. For example, economic decisions 
in the German business system focus on the various internal and external stakeholders 
of the firm but places less emphasis on shareholder interests in comparison with liberal 
market economies such as the UK (Vitols, 2001; Hall and Soskice, 2001).
Germany, a CME, has ‘non-market’ institutions, which not only allow for inter-firm 
coordination, but also regulate the interaction between owners and managers, 
between employees and firms, and among top managers. (Vitols, 2001:338)
Beyond issues of employee representation, ownership structure and organisation of the 
firm (Vitols, 2001), which are not in the focus of this thesis, the financial system is of 
particular interest because it provides the sources of finance for German firms, 
particularly in sectors with a high demand of financial means as it is the case in 
development-oriented high-tech industries like the biometrics industry. Among the most 
discussed issues with respect to the German financial system is its distinct orientation 
in bank-centred firm financing. Previous studies have pointed out that the German 
financial system is bank-centred rather than oriented in the stock market like in liberal 
market economies. While firm financing is typically organised through banks, German 
firms have only limited access to alternative sources of finance such as private equity, 
venture capital, stock market etc. (Hall and Soskice, 2001; Whitley, 2003; Hassel and 
Williamson, 2004). On the one hand, this limits the alternatives of German firms to 
access financial sources and their ability to raise the financial means required to 
expand quickly. On the other hand, firms less depend on institutional investors than 
firms in liberal market economies and have less pressure to enter new markets and 
create quick returns by radical innovations. Vitols (2001) has shown that the stronger 
role of banks which are interested in securing their loans and protecting their 
shareholdings in industry firms, and the extensive non-market relationships with other 
stakeholders, typically lead to more conservative market and innovation strategies of 
firms (Vitols, 2001; Hall and Soskice, 2001). The German corporate governance 
system and the financial market as an institution create competitive advantages to 
engage in more conservative and less risky endeavours, while raising barriers for quick
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and radical innovations. This is reflected in the observation that German firms often 
define their core competencies in more traditional, incremental markets (Vitols, 2001). 
Previous researchers have argued that the bank-centred financial system has failed to 
provide sufficient capital to finance innovation and entrepreneurship and “limits 
Germany’s ability to move to the cutting edge of high-tech sectors” (Deeg, 2005:332). 
Against this background it has been argued that the coordinated German framework 
does not support the emergence of new high-tech industries which engage in radically 
innovative markets (e.g., Casper, 2009). Vice versa, several researchers have argued 
that the coordinated framework of the German political economic system creates 
comparative advantages for long-term engagement and complex, incremental 
innovations (Whitley, 2000; Carlin and Soskices, 2008).
Applied to this study, the question is whether these findings can be transferred to the 
German biometrics industry and how the conservative, non-market oriented financial 
system influences the business of German biometrics firms. I argue that it needs to be 
studied empirically whether there are institutional barriers in the German financial 
market which have negative impact on the performance of German biometrics firms, as 
these are new high-tech firms within the coordinated German institutional framework. In 
this context, it is also of interest that the German financial system has gradually 
changed in the last years. Banks and insurances have increasingly disengaged from 
manufacturing firms, which is by some researchers seen as an indicator for 
convergence towards Anglo-American business practices (Hassel and Williamson, 
2004). In the financial system several market-oriented elements and financing 
instruments were introduced that are known from the liberal, shareholder-oriented 
Anglo-Saxon business system such as venture capital, private equity etc. (Deeg and 
Jackson (2007). Considering this, it needs to be studied whether these changes take 
effect in the German biometrics industry and have positive influence on firm success, 
or whether the financial system has indeed an inhibiting effect on the business of new 
high-tech firms in this sector.
2.3.4 The Institutional Role of Trusted Inter-Organisational Relationships
Another institutional factor in the German business system is the organisation of inter- 
organisational relationships. Previous studies indicate that the study of inter- 
organisational relationships links the fields of strategic management with comparative 
political economic studies. Particularly, the conceptual link between the two fields 
becomes evident considering that strategic management researchers as well as 
political economic researchers recognise the ability of firms to coordinate external 
relationships as a prerequisite to successfully exploit internal core competencies and
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capabilities (Teece et al, 1997; Lehrer; 2001; Whitley, 2003; Lane and Probert, 2009). 
The institutional literature suggests that the nature of inter-organisational relationships 
is formed by the institutional framework in which they are embedded, and that their 
nature varies over different institutional frameworks. Accordingly, varieties of capitalism 
scholars point out that the strategic interactions between economic actors are a central 
determinant of firm performance (e.g.. Hall and Soskices, 2001; Casper, 2001; 
Bachmann and Zaheer, 2008; Bachmann, 2010). This is echoed in the following 
statement:
In short, because its capabilities are ultimately relational, a firm encounters many 
coordination problems. Its success depends substantially on its ability to coordinate 
effectively with a wide range of actors. (Hall and Soskice, 2001:6)
Following this argument, it is necessary to study the role of inter-organisational 
relationships in the German biometrics industry empirically to answer the question 
which factors in the external environment positively or negatively influence the success 
of German biometrics firms, and how these factors exert influence on firms.
The continuous creation of innovations in a high-tech industry such as the biometrics 
industry requires a well-organised knowledge transfer between firms as well as from 
science to business. Against this background it has been argued by several 
researchers that research knowledge and innovations were not adequately transferred 
to marketable products and that the insufficient transfer has roots in the German 
institutional framework (Hughes and Werwatz, 2006; Hill and Becker, 2007; Achleitner 
et al., 2009). This criticism is relevant for my study as it supports the literature 
considering the argument that a market economy’s institutional structure influences the 
design of inter-organisational relationships and the creation of knowledge. If this holds 
true for the German biometrics sector, insufficient knowledge transfer along the value 
chain could have contributed to the economic situation of German biometrics firms. In 
contrast to the knowledge transfer from the universities and research institutes to firms, 
the literature reports that inter-firm networking is successful and trade associations 
engage considerably in inter-firm knowledge transfer. As these networks encourage 
cooperation rather than competition, they reinforce the tendency towards incremental 
rather than radical innovation (Hall and Soskice, 2001). Considering this discussion I 
argue that it needs to be studied empirically how inter-organisational relationships are 
organised in the German biometrics industry and whether there are any deficiencies in 
the design of these relationships which exert a negative influence on firm performance.
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Similarly applicable is Venohr and Meyer’s (2007) recommendation to future 
researchers to explore how research institutions such as Fraunhofer Institutes facilitate 
the transfer of scientific research into innovative products and services. Such research 
institutions come into play by collaborating with firms in research and development 
(Hall and Soskice, 2001; Hughes and Werwatz, 2006). These considerations lead to 
the question how the knowledge transfer from the scientific community to firms is 
organised in the German biometrics industry and which role is assumed by quasi-public 
research institutes.
In addition to that, empirical research should be conducted regarding the role of trade 
associations in facilitating inter-organisational relationships in a high-tech industry in 
the German coordinated framework, like the biometrics industry. As reviewed, inter-firm 
relationships in Germany tend to be facilitated by non-market institutions. Particularly, it 
has been shown that technology transfer from science to business and between firms 
is often institutionalised by powerful trade associations that are organised along 
sectoral lines (Hall and Soskice, 2001; Vitols, 2001). Since the mutual transfer of 
personnel and knowledge between firms and between science and business is less 
common than in liberal market economies, firms tend to compensate this through 
knowledge-sharing by engaging in trade associations, networks and other forms of 
inter-organisational relationships (Vitols, 2001; Bachmann, 2010). As Casper (2001) 
highlights, these inter-firm networks are a source of innovation in complex 
manufacturing fields. Since this aspect is of interest for my empirical research in a high- 
tech industry which requires considerable knowledge transfer along the value chain, 
the design of inter-organisational relationships between firms as well as between 
science and business, the role of quasi-public research institutes, the role of trade 
associations and the influence of these institutions on the success of German 
biometrics firms need to be studied empirically.
The discussion of inter-organisational relationships and structural embeddedness is 
linked to the discussion on the role of trust in inter-organisational relationships
(e.g.. Ring and Van der Ven, 1994; Bachmann and Lane 1997; Lane, 2000; Bachmann 
et al., 2001; Halliday, 2003; Bachmann and Zaheer, 2008). Considering the finding that 
a firm’s ability to exploit inter-organisational relationships contributes essentially to firm 
success, it can be assumed that the success of these relationships depends on the 
ability of the involved partners to establish and maintain mutual trust. Indeed, it has 
been argued in the literature that trust is a prerequisite for successful inter- 
organisational relationships (Perks and Halliday, 2003; Bachmann, 2010). Therefore, it 
is of high relevance to review the literature how trust is established and maintained in 
inter-organisational relationships.
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Trust has been a social phenomenon since the early days of mankind and it has been 
a topic in philosophy, sociology and political sciences in modern times (Luhmann, 
1968; Mollering and Bachmann, 2004). The role of trust in inter-organisational 
relationships appeared in the centre of organisational economic, socio-psychological 
and political economic research interest in the last 20 years (Halliday, 2003; Mollering 
and Bachmann, 2004). As complexity and uncertainty in the business environment 
have increased, firms aim to stabilise inter-organisational relationships to reduce 
uncertainty and solve coordination problems. Ring and Van der Ven provide a definition 
of trust as “a view based on confidence in another’s goodwill” (1994:93). In the 
literature, trust has also been defined as a mechanism to coordinate expectations and 
interactions (Lane, 2000; Bachmann, 2001).
Bachmann and Lane (1997) suggest that trust is a mechanism to reduce uncertainty in 
cooperation between two or more organisations, thus linking modern research on inter- 
organisational relations with Luhmann’s (1968) sociological analysis on the origins and 
function of trust, in their analysis of the function of trust and power in German and 
British inter-firm relationships they suggest that trust is more likely to develop in 
sustainable and consistent institutional frameworks. Bachmann (2001) points to the 
two-sided nature of trust, at the one reducing uncertainty by bridging informational gaps 
and, on the other hand, producing the risk that such trust can be betrayed. This idea is 
in accordance with Halliday (2003) who underlines that trust is an option to reduce 
uncertainty at some point between the extremes of regulation, which implies a high 
level of calculation, and opportunism, which implies a low level of calculation. The fact 
that the trusting party delivers in advance without knowing whether the other party will 
also deliver has been discussed by Luhmann who calls this delivery “Vorleistung” 
(1968:55). Luhmann (1968) argues that the institutionalisation of trust -  by legal norms 
or societal institutions -  is an effective way to reduce the risk of Vorleistung, as it is 
easier to attain system trust than personal trust. The idea of institutionalisation of trust 
by societal or legal institutions provides a direct link to the political economic literature 
which similarly refers to the different levels of institutionalisation of economic 
coordination when discussing the comparative advantages of national economies (e.g.. 
Hall and Soskice, 2001). Perks and Halliday (2003) point to the particular importance of 
trust development in volatile markets, a notion that is applicable to the promising but 
yet infant German biometrics industry.
Recent studies indicate that economic relations are not merely based on rational 
decisions; rather, social phenomena like trust, power and expectations shape the 
interactions of firms and organisations to a large degree. In this sense, the discussion 
on trusted inter-organisational relationships also relates to the discussion on the
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embeddedness of economic actions as reviewed above (Bachmann and Zaheer, 
2008). The growing importance of trust in times of increasing competitive pressure is 
an interesting paradox, as Bachmann states to the point:
Fierce competition, on the one hand, destroys trust which only seemed to be 
affordable ‘in the old days’ while, on the other hand, trust-based relations with 
closely collaborating suppliers, customers and business partners seem to become 
more and more the most important resource for survival in the shark tank of 
contemporary capitalist competition. (2001:340)
Uzzi’s considerations of several previous studies on the Japanese auto and Italian 
knitwear industries as well as his research in the New York City apparel industry 
support the argument that trust is an essential requirement for successful inter- 
organisational cooperation (Uzzi, 1997). Following Perks and Halliday (2003), the 
intensity and sources of trust differ between three forms of inter-organisational 
relationships, including simple transactions (e.g., single purchases), exchange 
relationships (e.g., buyer-seller relationships) and strategic alliances. I conclude that it 
it is of interest to study what type of inter-organisational cooperation is used by firms in 
the German biometrics sector and how this influences firm success.
The idea that inter-organisational relationships differ according to the political economic 
framework (or business system) in which they are embedded has been subject to 
several authors (Bachmann and Lane, 1997; Lane and Probert, 2005) and is supported 
by recent studies (Bachmann, 2009 and 2010). For example, it is suggested that in the 
British political economic system economic actors rely more on personal trust than on 
system trust, as opposed to German economic actors. Largely, this is due to the fact 
that in Germany trust is more institutionalised than in the UK and actors can rely on a 
widely accepted body of legal, educational and social standards (Bachmann, 2001,
2003). Building on Luhmann’s differentiation of personal and system trust, Bachmann 
distinguishes interaction-based and institution-based trust (Bachmann, 2010).
The literature suggests that inter-firm relationships are always characterised by matters 
of trust and power, being enforced or weakened by particular institutional frameworks 
(Bachmann and Lane, 1997; Bachmann, 2001; Halliday, 2003). For example, 
Bachmann suggests that trust is more likely to be used as a coordinating mechanism in 
inter-organisational relations in coordinated economies where trust-building between 
organisations tends to be rather institutionalised (Bachmann, 2003). In this context, 
several studies point to the relevance of trade associations in building trust and 
organising inter-organisational relations. Traditionally, these associations engage in the
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setting of technical, legal, social and moral standards for industry participants and may 
also be involved in research activities. Among the various settings of inter- 
organisational relationships in which trust is used for coordination purposes, innovation 
and research-intensive settings are of particular interest for this study because they are 
typical for the biometrics industry. Cost-intensive, risky innovations and developments 
require long-term cooperation of economic actors, knowledge sharing and joint bearing 
of risks (Bachmann, 2001). Considering these arguments, I study how inter- 
organisational relationships are organised in the German biometrics industry, how 
German biometrics firms cooperate with business partners in the scientific world and in 
the industry, and how the transfer from research to marketable products is organised. A 
particular instrument of inter-organisational cooperation in the coordinated German 
institutional framework is trade associations, which is discussed in the following 
section.
2.3.5 Trade Associations and Industry-Specific Legal and Technical Rules
Previous researchers have studied the role of non-market forms and instruments of 
coordination in the German corporate governance framework and suggested that 
powerful trade associations and standardised industry-specific legal and technical rules 
are among the most typical forms of coordination (Casper, 2001 ; Hall and Soskices, 
2001). Of particular relevance for this study is the role of trade associations as an 
instrument of coordination and cooperation in the German industrial relations system. 
Germany has been associated with a highly regulated labour market and the 
delegation of bargaining rights from firms to central institutions. Firms are embedded in 
associations such as unions, employer associations and trade associations that are 
powerful coordination institutions (Casper, 2000; Hall and Soskice, 2001). Beyond the 
role of such institutions to negotiate sectoral wages and working conditions, which has 
been discussed sufficiently in previous studies (Streeck and Thelen, 2005; Greer, 
2007; Carlin and Soskice, 2008), the point of interest for this study is the role of trade 
associations in encouraging long-term commitment and inter-organisational authority 
sharing, as it has been discussed by Whitley who argues that the level of authority 
sharing influences the development of firm capabilities (Whitley, 2003). The literature 
suggests that trade organisations participate in trust building and technology transfer 
among German firms, which is a motivation to study this aspect empirically in the 
context of the German biometrics industry. As trade associations are considerably 
involved in standardisation and technology transfer they provide a link between the 
institutional framework and firm competencies, with a mutual exchange insofar as firms
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influence the institutional environment through their engagement in trade associations 
and, vice versa, institutions shape the strategy of firms (Bachmann, 2009).
Closely related, standardised industry-specific legal and technical rules are another 
typical form of institutionalised non-market coordination in the German market 
economy (Casper, 2001; Hall and Soskices, 2001). The literature suggests that 
coordinated technical standardisation plays a decisive role in fostering inter- 
organisational relationships, the transfer of knowledge and the diffusion of new 
technologies in Germany (Tate, 2001). As technical complexity is raising and firms 
increasingly depend on inter-organisational cooperation to bring products into the 
market, standard-setting has become a competitive playground for firms. Technical 
standard-setting impacts the performance of firms in high-tech industries like the 
German biometrics industry with respect to several fields. First, standardisation is a 
typical instrument of non-market coordination between firms in the German corporate 
governance framework and in the German industrial relations system, which is 
particularly relevant for high-tech firms that depend on knowledge transfer across 
organisational boundaries (Vitols, 2001; Hall and Soskices, 2001). Second, there is a 
close connection between technical standardisation and trade associations because a 
large share of technical standardisation is organised by trade associations and firms 
use them to institutionalise their strategic interests in technical standards (Tate, 2001). 
Following, I argue that it is not only of empirical interest to study the role of inter- 
organisational relationships and trade associations in the creation of firm success, 
whether the design of inter-organisational relationships and the engagement in sectoral 
trade associations support or inhibit the economic performance of German biometrics 
firms, and how these institutions exert influence on firms in practice. Beyond that the 
influence of technical standardisation and industry-specific legal and technical rules on 
the commercial success of German biometrics firms needs to be studied empirically. 
Eventually, it is of great interest to assess how firms react strategically on the factors 
studied.
2.3.6 Governmental Policy and High-Tech Firms in the German Business 
System
Another institution which contributes to the success of high-tech firms in Germany is of 
governmental policy in the coordinated institutional framework. It has been shown that 
governments in liberal and coordinated economies use different kinds of policy to 
encourage inter-organisational cooperation between economic actors and support 
innovation in the industry (Hall and Soskice, 2001). Studies on innovation patterns in 
Germany reveals that the German institutional framework and the design of the
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innovation system contribute to the orientation of German firms on high value, high 
quality goods (Silvia, 2003; Deeg, 2005; Carlin and Soskice, 2008). As previous studies 
show, this particularly applies to knowledge-based high-tech industries which require a 
continuous flow of new innovations and products (e.g., the biotech sector as shown by 
Casper and Kettler, 2001; Hill and Becker, 2007). Similarly, the German biometrics 
industry is an innovative high-tech industry, which depends on the continuous creation 
of technological innovations and a smooth flow of innovations from science to 
business.
Statistics prove that the German business system is highly efficient in producing 
innovations. For example, Germany is among the world’s top five countries considering 
overall global patent applications, applications per capita and patent filings per gross 
domestic product (WlPO, 2010). In terms efficiency of innovation spending, measured 
by patent filings per million USD research and development expenditures (resident 
patent filings to R&D ratio) Germany occupies the first rank, followed by the US and the 
UK (WlPO, 2010). These figures indicate that the German innovation system is efficient 
in terms of the number of innovations produced, as well as in the allocation of R&D 
spending (Frietsch et al., 2010). Yet comparative capitalism theorists have argued that 
different political economic settings produce different types of innovation. For example, 
Whitley (2010) links the institutional differences, types of economic coordination and 
control systems of market economies with the innovation strategies firms pursue within 
these economies. Whitley’s point is that differences in the institutional environment and 
firm types affect the innovation strategies of firms. A collaborative business system or 
coordinated market economy such as Germany is associated with complex innovation 
strategies that require considerable sharing of risk, knowledge and authority between 
economic actors, a high level of institutionalised trust, as well as long-term investments 
in economic relationships and education, which are typical patterns of collaborative 
market economies. On the other hand, management’s ability to restructure 
organisational boundaries and work procedures are constrained by strong unions and 
works councils, which limits the potential for groundbreaking, transformative 
innovations (Whitley, 2000). Consequently, innovations in these countries are 
sophisticated, build on an accumulated body of skills and knowledge and tend to be 
driven by technology. Nevertheless, they are rather incremental than groundbreaking 
and transformative (Hall and Soskice, 2001). This might be the reason that German 
firms are often highly specialised to customer needs and world market leaders in their 
niche but, as Hughes and Werwatz stress, “Germany has failed to achieve 
technological leadership in any of the high-tech industries that emerged after World 
War II” (2006:26).
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In comparison, compartmentalised business systems, or liberal institutional 
frameworks, tend to create generic innovations which are not specialised to different 
customers’ demand but fit the need of mass markets. This is because firms must rely 
on a less sophisticated level of workforce skills and involvement and cannot build on 
long-term relations and institutionalised trust. Nevertheless, the corporate governance 
and industrial relation setting in liberal economies allows them to focus on radical 
improvement and restructuring in order to produce radically innovative outcomes for 
mass markets and in high-technology sectors (Whitley, 2000; Hall and Soskice, 2001). 
A supporting indication for Whitley’s argument (2000) that in the German coordinated 
market economy, incremental industries are more likely to develop than transforming 
high-tech innovations can be found in a more detailed analysis of the technical 
background of German patents. Most patents are filed in traditional industries such as 
the automotive industry rather than new high-tech industries (Deeg, 2005; WlPO 2010). 
Similarly, Grupp in his analysis of the German innovation culture formulates that the 
German innovation system produces a continuous stream of innovations but in a stable 
set of areas (Grupp, 2004). This perspective is shared by Hall and Soskice who argue 
that coordinated market economies like Germany provide an innovation climate which, 
due to the long-term orientation of economic participants and long-term investments in 
education and economic relationships, produces incremental innovations rather than 
radical innovations. Therefore, innovation in Germany is driven by advancements of 
existing technologies and by technical issues, instead of radical, market-oriented 
innovations (Hall and Soskice, 2001).
The arguments discussed above directly relate to this study. If the German business 
system tends to produce incremental, medium-tech innovations, how could an 
innovative high-tech industry like the biometrics industry emerge in Germany? Previous 
research has pointed to cases where transforming high-tech industries have 
successfully emerged in the coordinated German market economy, e.g. the 
biotechnology industry (Casper and Ketler, 2001). Casper and Whitley (2004) have 
further explored the relationship between a market economy’s institutional framework 
and innovation patterns in biotech firms. They challenge the argument that 
organisational competencies are mainly created by comparative institutional 
advantages. In their words “such contrasts help to identify core differences between 
advanced industrial organization, but tend to underestimate the adaptiveness of firms 
within an economy and important differences between subsectors” (Casper and 
Whitley, 2004:2). They suggest that although the varieties of capitalism literature 
associates a coordinated institutional framework with incremental, complex and non­
transforming innovation patterns, radically innovative high-tech industries can develop
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within such a framework if state agencies support it through innovative sectoral 
technology policy, and if large firms group the entrepreneurial firms around them. 
Casper and Whitley (2004) conclude that state agencies, managers and other 
economic participants have freedom within the macro-economic setting of an economy 
to foster high-tech innovations and firms. Casper (2000 and 2009) highlights that the 
establishment of more than 400 small high-tech start-ups in Germany resulting from the 
German government’s new technology policy since the mid-1990s contradicts the 
notion that a national institutional framework produces only one particular type of 
industries. The German biotechnology sector shows that systematic, sector-specific 
promotion of technology and entrepreneurial firms can generate results that deviate 
from what would be expected in this particular business system. Other studies point out 
that different institutional settings do not necessarily create different economic 
performance in technology networks (Casper and Murray, 2009).
The argument that specific sectoral technology policy can produce results that differ 
from what would be expected in the coordinated institutional setting is of great interest 
for this study. Similar to the German biotechnology industry, the German biometrics 
industry is a young, innovative high-tech industry embedded in a coordinated political 
economic framework (see chapter 4). I follow Casper’s argument that sector specific 
institutions (technology promotion frameworks and subsidies, technology transfer and 
other) and sector-specific technology policy shape an industry’s business environment. 
The question relating to this study is whether these opportunities have been used by 
economic participants in the German biometrics industry or whether this has not taken 
place. It is of great interest for this empirical study to find out to what extent the 
economic situation of German biometrics firms can be explained with influences in the 
institutional framework in which these firms operate, whether governmental policy as 
an external institutional factor positively or negatively influences firm success in this 
industry, and with which instruments such influence is exerted in practice. Therefore, 
the role and influence of governmental policy in the German biometrics industry are 
assessed empirically in the field study.
2.3.7 The Influence of International, Quasi-Governmental Security Policy
Beyond national governmental policy there are indications in the literature that other 
kinds of policy, which have not been discussed with similar intensity in the comparative 
political economic literature but in related fields, might exert influence on firm success. 
Particularly, the political scientific literature discusses the influence of supra-national, 
quasi-governmental institutions on national governmental policy in the field of security 
policy, and how such policy relates to national sectoral technology policy. Several
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studies point out that European institutions exert essential influence on the security 
policy of EU member states such as Germany. For example, Aus (2006) studied the 
negotiation of the biometric passport regulation in the Council of the European Union, 
showing that the decisions made there have significantly influenced the policy of 
member states in the field of biometric passport systems. The result of these policy 
negotiations is the European Council's regulation 2252/2004 on standards for security 
features and biometrics in passports and travel documents, which regulated that all 
European passports “shall include a storage medium which shall contain a facial 
image. Member States shall also include fingerprints in interoperable formats.” (Council 
of the European Union, 2004:2ff). This is supported by Liberatore (2007) in a political 
scientific study of European policy in the field of biometrics who argues that European 
institutions have shaped the framework in which biometrics are used in the EU and its 
member states. Similarly, Balzacq and Carrera (2005) point to the role of European 
migration, asylum and border policy, underlining that the biometrics industry was as 
well fostered by the EU’s decision to oblige member states to capture biometric data of 
visa applicants and store them in a European visa register, the Visa Information 
System (VIS) (Balzacq and Carrera, 2005).
This supports the varieties of capitalism theorists who have argued that governmental 
policy has a decisive influence on the biometrics industry (e.g., Casper and Whitley,
2004); however, it becomes visible that in the biometrics sector this kind of 
governmental policy is driven by supra-national European policy initiatives. Further 
political scientific studies show that European security policy in the field of biometrics 
was itself the result of international policy initiatives, driven by the International Civil 
Aviation Organisation (ICAO), a quasi-governmental sub-organisation of the United 
Nations concerned with the standardization of travel documents. As the ICAO 
regulations on machine readable travel documents (MRTD) such as passports, are 
mandatory for all UN member states, the European Union was urged to set up an own 
policy framework implementing the ICAO directives (Amcore, 2006; Aus, 2006). 
Eventually, the political scientific literature provides the insight that such international 
institutional framework can vice versa be strongly influenced by the initiatives of single 
member states within this framework, which is congruent with the varieties of capitalism 
literature regarding the mutual interaction of firms and external institutions. As the 
political scientific literature suggests, the ICAO policy initiatives were strongly promoted 
by the post-9/11 initiatives of the US government, mainly the Patriot Act (US Congress, 
2001) and the Enhanced Border Security and Visa Entry Reform Act (Public Law 107- 
173), which focused on the use of biometrics in passports, visa data bases and border 
control schemes (Jenks, 2002; Morgan and Krouse, 2005; Aus, 2006; Amoore, 2006).
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For example Amoore (2006:342) underlines that “the US Patriot Act defined a set of 
practices for biometric applications that afforded their almost unlimited use in the 
investigation and identification of terrorism”.
Against this background I argue that it needs to be studied empirically how the policy of 
international quasi-governmental institutions, particularly in the field of security policy, 
influences firm success in the German biometrics sector and how this relates to the 
role of national governmental policy as it is discussed in the varieties of capitalism 
literature. Particularly, it will be of interest whether international, quasi-governmental 
policy exerts a similar influence on high-tech firms in a coordinated market economy 
like national governmental policy and whether such influence is observable n the 
biometrics industry. Moreover, it needs to be studied whether the security policy of 
supra-national institutions supports convergence of national policies or whether the 
institutional framework remains stable.
2.3.8 Criticism in the Varieties of Capitalism Concept
The varieties of capitalism paradigm has been criticised by some researchers such as 
Streeck and colleagues at the Max-Planck-lnstitut für Gesellschaftsforschung in 
Cologne who have argued that the varieties of capitalism concept captures only a 
snapshot of the political economic situation while ignoring institutional change. It has 
also been criticised that the dichotomy of liberal and coordinated economies is 
inconsistent with empirical observations of mixed cases (Streeck and Thelen, 2005; 
Deeg and Jackson, 2007; Jackson and Deeg, 2008). Advocates of the convergence 
theory argue that national systems converge into a mix of best practices or towards the 
liberal Anglo-Saxon model (Deeg and Jackson, 2007). Another challenge to the 
national focus of the comparative political economic literature is the internationalisation 
of economic processes which may force national economies into convergence. As 
reviewed in the previous section, the European Union increasingly influences parts of 
the institutional framework of the member states such as the financial system and 
corporate governance. Closely related, scholars of the regulation theory argue that the 
differentiation between liberal and coordinated economies is oversimplifying because 
no market can exist without regulation, which is why liberal market economies are also 
coordinated, even though in a different manner (Boyer, 2005).
In view of this criticism, varieties of capitalism scholars argue that institutional change 
is congruent with this framework and is typical for both liberal and coordinated market 
economies (Hall and Thelen, 2009). Indeed, the criticism that the varieties of capitalism 
approach would not consider institutional change must be rejected considering that 
several studies cover issues of institutional change (e.g.. Hall and Soskice, 2001) but.
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as Vitols states, “The VoC approach, however, recognizes that the barriers to 
fundamental institutional change are high and is therefore sceptical about wholesale 
convergence arguments” (2001:346). In the more recent comparative political 
economic literature a growing interest for the processes of institutional change in 
market economies can be observed. Institutional adaptation is increasingly subject to 
political economic studies, e.g. in the contributions of the Harvard Center for European 
Studies (Hall and Thelen, 2009; Lane and Probert, 2009). Regarding the criticism in the 
liberal-coordinated dichotomy, a thorough review of the varieties of capitalism literature 
reveals that although national economies develop further, most of them can roughly be 
classified in one of the groups. Yet it is of empirical interest to study whether the 
biometrics industry provides an example of institutional convergence or stability. 
Another aspect for my research project is the argument that firms may even have a 
more active, if not initiating role in fostering institutional change than one would expect 
because they are often the first to react to global changes. Governments and 
institutions then tend to follow and adapt the institutional framework to the new status 
quo that firms have already established, as well as to the demand they express (Hall 
and Thelen, 2009). I conclude that it should also be studied empirically whether firms 
are able to influence their business environment and by which means they exert this 
influence, e.g. in the field of governmental policy.
Despite the criticism in and limitations of the varieties of capitalism approach it provides 
a valuable explanation for particularities of the business framework in which German 
firms operate. What researchers in this field share is an interest in the institutional 
foundations of different types of market economies and the argument that “the 
institutions of advanced political economies shape the behaviour of economic actors, 
such as business firms and interests associations” (Deeg and Jackson, 2007:150). As 
this literature stream is concerned with the influence of institutional frameworks on 
economic outcomes, it is of empirical interest in the context of this study how the 
findings of previous studies reviewed here influence the commercial success at firm 
level in the German biometrics industry.
2.4 Implications for Empirical Research
I have reviewed the body of literature within the field of strategic management which is 
concerned with the sources of firm success and shown that a large body of knowledge 
has been accumulated over the last decades regarding the question which factors 
create and influence firm success. While the majority of recent strategic management 
researchers have focused on the contribution of internal competencies and resources 
to firm performance, there is sufficient evidence demonstrating that the wider external
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environment of firms, for example industry and market-related factors impacts firm 
performance. However, the influence of external factors has only insufficiently been 
investigated in the recent strategic management literature. Against the background of a 
changing, globalising business environment with increasing competitive pressure, 
growing expectations of diverse stakeholders it remains strikingly unexplored how firms 
are influenced by their wider external environment. Particularly, little emphasis has 
been placed on research in single industries and selected strategic groups within an 
industry to study how external factors contribute to commercial success.
Closely related, research on the embeddedness of firms in their external environment 
is echoed in more recent body of comparative political economic literature, which is 
concerned with the interaction between firms and their institutional environment. As 
reviewed in section 2.3, the economic behaviour of firms is shaped by the institutional 
setting and the business environment in which they are embedded because this 
framework enables or limits certain kind of economic action. As a consequence of this, 
the configuration of the institutional environment and the interaction of firms with these 
institutions are critical for firm success. Previous research suggests that different types 
of market economies favour different types of industries, or vice versa, certain sectors 
are at disadvantage under the influence of their institutional environment. The influence 
of the external environment has also been discussed with a particular focus on the 
organisation of inter-firm networks and strategic alliances. As reviewed above, studies 
in this field support the notion that commercial success in large measure depends on 
factors originating from the business environment of firms rather than from their internal 
capabilities. It has been shown that economic action of firms is embedded in the 
relationships between firms, as well as between firms and science, and that the 
establishment of trust is a crucial aspect in such relationships.
Concluding, the literature suggests that commercial success is not a mere function of 
firm capabilities but does to a significant degree depend on the constitution of the 
external, institutional environment. While strategic management researchers have 
focused on market and industry-related external influences on firms (e.g.. Porter,
2008), the political economic literature offers a broader institutional analysis approach 
to explore and explain the external sources of and barriers to firm success. Firms are 
embedded in an institutional framework that shapes their business by enabling and 
limiting certain ways of economic behaviour, and they strongly interact with their 
business environment. This embeddedness includes structural and political aspects. 
The literature provides sufficient evidence that a market economy’s institutions 
complement each other and that the institutional setting influences the performance of 
firms. It has been widely accepted that the German institutional framework can be
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characterised as highly coordinated system which shows particularities that 
distinguishes it from other business systems. The literature indicates that the German 
business system does not support the development of radical innovation in high-tech 
sectors, while promoting the development of incremental innovation in system-related 
sectors which build on sound education and institutionalised inter-organisational 
relationships. The review has revealed that among the institutional factors which 
influence new high-tech firms in the coordinated German business system are the 
patterns of firm financing, the design of inter-organisational relationships, trade 
associations, industry-specific legal and technical rules, governmental technology 
policy and international security policy. The question which needs to be studied 
empirically is how these factors influence the business and commercial success of 
German biometrics manufacturers, as they are a group of firms which is active in a 
knowledge-based high-tech industry depending on knowledge transfer across 
organisational boundaries, and whether the findings from the literature review can be 
transferred to the German biometrics industry.
Paradoxically, I found that both literature streams have hardly been linked by empirical 
studies to study the sources of firm success in the past. Previous researchers have 
answered partial questions relating to the sources of firm success, particularly in the 
field of competency and resource-based success factors, but undervalued the influence 
of external and institutional factors. Considering the identified research gaps I argue 
that both streams of literature need to be connected in the course of an empirical 
research project. This field study should focus on the question how German biometrics 
manufacturers are embedded in their business environment, how this framework 
supports or limits the commercial success of firms and whether the results confirm the 
literature and can be generalised, or whether there are industry-specific findings. 
Particularly, this study needs to focus on the impact of the factors reviewed above and 
reveal which factors exert positive or negative influence on firm success, how strong 
the impact of the individual factors is and by which means and instruments these 
factors become effective in practice. In this context, the role of trade associations and 
quasi-public research associations for knowledge transfer and trust-building in the 
industry needs to be considered. Similarly, this study should analyse how this relates to 
the arguments of the varieties of capitalism researchers that the German institutional 
framework is characterised by a high degree of authority sharing and institutionalised 
trust, as reviewed in section 2.3. In this context, emphasis should be placed on the 
influence of supra-national, quasi-governmental institutions in the field of security policy 
because there are indications that this policy causes a process of conversion in the 
biometrics business environment independent from the type of business system, which
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would be opposed to previous studies pointing out that business systems remain 
relatively stable and market economies can clearly be distinguished into liberal and 
coordinated systems. Eventually, it needs to be studied how German biometrics firms 
react strategically to to the impact of the identified factors in their external environment. 
Eventually, this study should result in strategic recommendations to firms how to 
handle the influences of the factors studied.
Based on the findings of the literature review, I visualised the results of the literature 
review regarding the influence of external factors on the commercial success of 
German high-tech firms in the following conceptual map.
Governmental
technology
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International, 
quasi-governmental 
security policy
Firm strategy
Financial 
system; Patterns 
of firm financing
German
Biometrics
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Industrial 
relations: Trade 
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Figure 1: Conceptual map
Source: This study
2.5 Research Aims and Questions
Based on the findings of the literature review this study pursues the following research
aims:
■ To study the influence of the external, institutional environment on the commercial 
success of German biometrics manufacturers
■ To determine whether the effect of external, institutional factors is positive or 
negative, with what strength they impact firms, and by which means the institutional 
influences take effect on firms in practice
■ To develop research-based strategic suggestions for decision makers in biometrics 
manufacturing firms to handle the impact of the factors studied
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To achieve these aims, the following research questions needed to be answered in the 
course of an empirical field study:
1. How does the external, institutional environment influence the commercial
success of German biometrics manufacturers?
■ How does the security policy of supra-national, quasi-governmental institutions 
influence firm success?
■ How does governmental policy influence firm success?
■ How do industry-specific legal and technical rules influence firm success?
■ How does the constitution of inter-organisational relationships in this industry 
influence firm success?
■ How is trust created and maintained in those relationships and what role do 
trade associations and quasi-public research institutions play in this context?
■ Are there any particularities of the German financial system which influence firm 
success?
■ Is the effect of these factors positive or negative and how strong do they impact 
firms?
■ By which means take these institutional factors effect on firms in practice?
■ Are there any intra-group differences in terms of firm size or markets?
2. How do firms strategically react to these influences?
■ Which strategies are applied by firms, with respect to the external, institutional 
factors studied, to achieve commercial success?
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3 Methodology
3.1 Introduction to Methodology
This chapter explains the research methodology and design of this study. The research 
methodology and design define how a researcher answers his or her research 
questions to increase knowledge in the research field and depict a piece of truth 
(Saunders et al., 2009). The research design is located between the research 
questions and the data, determining what tools and instruments shall be used to 
connect both with each other (Punch, 2009; Saunders et al., 2009).
I developed a research methodology and a design appropriate to answer the research 
questions that have emerged from the literature. The methodological approach is 
grounded in the ontological and epistemological position explained in the following 
section.
3.2 Research Philosophy, Ontological and Epistemological Position
Any piece of research should be based on a clear theoretical and philosophical 
orientation that leads the researcher to certain methodological decisions (Saunders et 
al., 2009; Silverman, 2010). In this section I discuss the research philosophy on which 
my methodological decisions are grounded to clarify in which part of the scientific 
coordinate system my study is located and to support my methodological decisions. 
Philosophical assumptions and underpinnings decisively influence the way knowledge 
is created, how it is evaluated and how it is used. Applied to research, this means that 
a study’s philosophical background shapes the way research is designed, how it is 
conducted and how data are analysed and interpreted. Researchers are part of their 
cultural environment and follow certain traditions and ways of thinking. In Western 
thought, several paradigms have evolved from ancient Greek philosophy. According to 
Thietart (1999), research in management is represented by two models -  the deductive 
approach and the inductive approach. Whereas the first stands in the tradition of the 
positivist philosophical paradigm, the latter arises from the long tradition of different 
approaches to social sciences, with researchers being used to challenging existing 
schemata and, instead, developing a holistic understanding (ibid).
According to Thietart (1999), every paradigm is based upon certain philosophical 
assumptions concerning the way nature and reality are understood and recognised 
(ontological assumptions), as well as the way knowledge is created and used 
(epistemological assumptions). Thus, researchers following different paradigms will 
give different answers to questions about the nature of reality and knowledge, they will
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have a different understanding how knowledge can be created and used, and they will 
develop different methodologies to answer their research questions.
Ontology is the study of the questions of being (Gray, 2009). Remenyi et al (2005) 
define ontology as “a branch of philosophy or metaphysics concerned with the nature 
and relations of being.” It is concerned with the nature of the world and of reality 
(Saunders et al., 2009). Ontological considerations have their roots in ancient Greek 
philosophers Aristotle, Heraclitus and Parmenides (Kunzmann et al, 1996; Gray, 2009). 
Since the assumptions regarding the nature of the world influence any further question 
of knowledge and research, ontological discussions should stand at the beginning of 
research (Chia, 2002). Therefore, it was essential to define an ontological approach for 
my own research. This study is based on a being ontology that perceives the world in 
which my research takes place as relatively stable. It intends to take a snapshot of a 
business situation at a certain point in time rather than assess its development over 
time. Considering the nature of social phenomena I see my own position in the tradition 
of subjectivism, an ontological perspective according to which things are created by the 
perceptions and actions of social actors (Saunders et al. 2009). My subjectivist 
perspective does, accordingly, influence the way I understand the nature of knowledge 
as a part of this world. I believe that in social sciences there is no single, final truth and 
that reality depends on the perception of the people involved.
Epistemology is concerned with the grounds of knowledge. It is the study of 
knowledge and of science, being concerned with the nature, the validity, the methods 
and the scope of knowledge (Thietart, 1999; Remenyi et al 2005). In order to 
understand truth, the creation of knowledge is a central aim of scientific research as it 
helps us to come closer to truth. Therefore, scientific research must be based upon a 
clear epistemological approach (Saunders et al., 2009). In the literature we find 
different statements regarding the basic epistemological positions. For example, Chia 
(2002) refers to empiricism and rationalism as the two basic paradigms, while Thietart 
(1999) suggests positivism, interpretivism and constructivism. Regardless of these 
variations most authors agree that the major epistemological paradigms are 
positivism/realism on the one hand and interpretivism/constructivism on the other hand. 
Every philosophical paradigm has its own assumptions on the nature of reality and 
knowledge. For example, positivists believe that reality exists in itself and independent 
from the researcher. Therefore, researchers can seek to discover the objective truth 
(Gray, 2009). If researchers follow the positivist paradigm and believe in an objective 
reality, they will try to understand the nature of reality and its general principles. 
Positivists formulate a theory and hypotheses prior to data collection. During the course 
of research, they collect, analyse and evaluate data to confirm or falsify both
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hypotheses and theory, using quantitative methods (Thietart, 1999). In contrast, 
interpretivism takes a position that questions the founding assumptions of positivism 
(Gray, 2009). Whereas positivists suggest that there is a reality independent from the 
researcher, interpretivists argue that a researcher cannot be independent from the 
object of research. I follow the argument of interpretivists that there are multiple 
realities and that the researcher always depends on the object of study, and vice versa 
(Thietart, 1999). According to interpretivism, researching social subjects is different 
from researching physical objects because social issues cannot be generalised like 
natures of law. Truth and reality may depend on circumstances (Patton, 2002). If 
researchers follow an interpretivist paradigm they assume that reality is to a certain 
degree the result of interpretation or even constructed by the observer. Assuming there 
is no objective reality to be discovered, it is not very useful to apply formalized 
quantitative methods. Rather, truth should be approached and triangulated using 
multiple sources and qualitative methods. Thus, interpretivist research designs are 
often more flexible than positivist designs (Thietart, 1999).
Although these paradigms are often put in contrast to each other, researchers 
increasingly see the plurality of paradigms as an opportunity to approach truth from 
different perspectives and tailor a framework appropriate to the individual research 
project (Saunders et al., 2009). Researchers might even use qualitative and 
quantitative methods simultaneously in the same research design, and often there is no 
simple link between epistemological positioning and the research design chosen by the 
researcher (Gray, 2009).
I believe that there is an objective reality with respect to natural sciences such as 
physics, biology and mathematics and I believe in the existence of natures of law that 
can be proven. It appears to be reasonable for natural scientists to assume a realist 
ontological perspective. In contrast, we cannot simply apply these assumptions and 
principles to social sciences that study human beings and society, as human beings 
have perceptions and opinions that shape their individual reality. Unlike physical 
objects, the nature of individuals and their relationship with each other cannot be 
independent from human experiences and perception (Patton, 2002). Since the reality I 
would like to study is to a certain degree socially constructed and is interpreted by 
human beings I found my own epistemological position in the tradition of interpretivism.
I believe that there is no objective truth related to the strategic situation of the German 
biometrics manufacturers because it is not a matter of physically objective, measurable 
facts. Instead, the problems many firms face are subject to interpretation and truth 
needs to be triangulated. In short, I am not an orthodox constructionist but I believe that 
a substantial part of reality is socially constructed and interpretable whenever human
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beings are involved. I also follow the interpretivist assumption that the object of 
research can hardly be independent from the researcher because the researcher and 
the object of research interact with each other (Chia, 2002). I consider my own relation 
to the research object as an advantage to gather deeper knowledge. For example, my 
personal experience in the field of biometrics enables me to contribute more to the 
body of knowledge in this field than a researcher from outside. I believe that my 
epistemological position and the methodological decisions grounded on this stance will 
facilitate better understanding of the phenomena observed.
3.3 Research Strategy and Design
3.3.1 Research Strategy and Type of Investigation
Considering the practical background of my research aim and questions I decided to 
conduct applied empirical research with a focus on the particular business context of 
the German biometrics industry. I conducted exploratory and explanatory research 
to gather new insights regarding the issues that emerged from the literature and to 
analyse causes and consequences of the phenomena observed (Hart, 1998; Saunders 
et ak, 2009; Gray, 2009; Punch, 2009^
Against the background of my interpretivist position I firmly believe that interpreting 
reality in its entire complexity means to collect and analyse data without proposing a 
general theory in advance. A positivist, deductive research design did not appear to be 
suited for this study; instead, I considered developing a purely inductive research 
design. Nevertheless, I did enter the research field with some precognition, both from 
my professional work and from the literature review. Yet the knowledge from literature 
and practice rather existed in the form of assumptions and was not secured enough to 
develop hypotheses and test them statistically, which would have been required in a 
deductive approach. Vice versa, a completely inductive approach where theory 
emerges solely from the data, as it is for example known from ethnology (Patton, 2002) 
would also not have been reasonable because a significant share of previous 
knowledge was already available and I did not start the field study without having any 
knowledge or theoretical background. These considerations convinced me that the best 
research strategy would be to choose a design which applies both deductive and 
inductive reasoning. Considering at the same time the discussion on mixed paradigms 
and flexible research designs, which are tailored to the researcher’s individual needs, I 
decided to use both deductive and inductive elements in this study (Saunders et al., 
2009; Gray, 2009). In particular, I used deductive reasoning when referring to the 
literature reviewed, and to the patterns which have emerged from there; even though
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without deducing and a general theory from the literature and testing it with the field 
data. Instead, I approached the field study and empirical data with a flexible, inductive 
approach to identify patterns, establish categories, classify data into these categories 
and analyse the data (Patton, 2002). With this strategy I aimed to learn whether the 
patterns from the field data confirm the patterns from the literature, and whether there 
were any new patterns emerging from the data. Therefore, the results of inductive 
reasoning were compared with the more deductive knowledge derived from the 
literature. Although some qualitative researchers, especially constructivists who work in 
purely inductive designs, start their research without any pre-determined structure 
(Patton, 2002) I considered that the interpretive nature of my research and the mixed 
types of deductive and inductive reasoning would require a reasonable level of 
structure to be defined a priori. In fact, I had already created such structure by 
reviewing the different streams literature and observing the first patterns emerge. 
Nevertheless, I was committed to the possibility of changes throughout the research 
process and at several points it turned out that such flexibility was required to modify 
the direction of research.
Following this research strategy, I chose to apply a qualitative research 
methodology. I found that this would provide several advantages for my study 
(Silverman, 2010). First, it would allow me to gather individual perceptions and 
knowledge of respondents in more detail than with pre-determined, quantitative 
instruments such as questionnaires. Second, I could expect to cover more relevant 
aspects using a qualitative methodology because there was no general theory which 
might narrow my horizon in advance. Similarly, there was no questionnaire which 
limited the answers of respondents to pre-determined categories which might not 
reflect the entire complexity of the research topic (Gray, 2009; Silverman, 2010). A 
quantitative research strategy would not have sufficed to understand the complexity of 
the research object and the multitude of interwoven factors influencing each other.
3.3.2 Time Horizon
Since I was interested in describing and explaining the current status of the object 
under study rather than its evolution over time I did not undertake a longitudinal study 
(Saunders et al., 2009; Sekaran, 2003). Remenyi et al. call this “a snapshot of a 
situation in time” (2005:47). This meant to analyse the nature of the research subject in 
order to explore it and to explain the links between the different aspects of the subject 
(Grenier and Josserand, 1999; Remenyi et al, 2005). I conducted the fieldwork from 
May to August 2011. Analysis and interpretation were conducted from September 2011
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to February 2012. Subsequently, I wrote my discussion chapter in spring and early 
summer 2012 and submitted a first draft of the thesis in October 2012.
3.3.3 Unit of Analysis and Population
Since the German biometrics sector comprises firms with different backgrounds I 
delimited the field study’s scope to one of these subgroups -  the group of German 
firms in the field of biometrics manufacturing, who are part of the German biometrics 
industry. It is estimated that approximately 70 firms constitute the German biometrics 
industry, of which roughly 35 are involved in the development and manufacturing of 
biometrics software and hardware. The German biometrics manufacturers show 
several structural similarities. Most of them are small and medium-sized high-tech 
firms. In addition to that, they form the heart of this industry because they have the core 
technological know-how. That is why their commercial success is similarly relevant for 
other industry subgroups. The German biometrics manufacturers are the population of 
this study. Figure 5 illustrates the unit of analysis.
Worldwide security technoiogy market and industry
German Security Technology Market and Industry
German
Biometrics
Market
German 
biometrics industry
Universities Research Manufacturers
institutes
others Consultants System
Integrators
Figure 2: Unit of analysis
Source: This study
In contrast to previous studies in comparative political economic research where two or 
more market economies are compared with each other (e.g., Flynn et al, 2013), I 
limited my research to the German biometrics sector because the purpose of research
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was first and foremost to analyse the influence of external factors on biometrics firms in 
the German business system. My decision to focus on the influence of the German 
business system on biometrics manufacturers was also motivated by the fundamental 
lack of previous management and institutional studies in the German biometrics sector. 
Whereas an international comparative study would be ideal to further evaluate the 
influence of different environments on firms in the biometrics sector I decided to limit 
the international element in this study to selected comparative reflections with the 
American business system whenever it appeared to contribute particularly to exposing 
particularities of the German business environment. With this combination, the study 
takes advantage of focussing to a single business system, while still generating further 
insight through selected comparative elements.
3.3.4 Sampling
The sampling strategy followed the qualitative methodology chosen for this study. I 
decided to undertake non-probability, purposeful sampling as it is recommended in the 
methodology literature for exploratory studies in small populations (Remenyi et al., 
2005; Saunders et al., 2009; Silverman, 2010). I applied a stratified purposeful 
sampling strategy, i.e. I stratified the population according to technology (fingerprint, 
face, iris, vein, voice, and signature). The selection of samples was then undertaken by 
purpose and oriented in typical cases. The combination of stratified purposeful with 
typical case sampling provided the advantage to facilitate intra-group comparisons. 
Applying this sampling strategy, the sample provides a broad variety of different 
biometric technologies, which is shown by the following table.
Table 1 : Technologies provided by sample firms
Source: Field studies
Technology Number of firms
Finger 9
Face 2
Voice 1
Signature 1
Finger and voice 2
Finger and veins 1
Number of mentions
Finger 12
Face 2
\^iice 3
Signature 1
Veins 1
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My sample firms are located at different places in Germany, but there is a geographical 
centre in Munich (6) and in Berlin (4). 2 firms are located in the Bonn area; the other 
firms are spread in the North, the South-West, the West and the South East.
Table 2: Location of sample firms
Source: Field studies
Location Number of firms
Munich 6
Berlin 4
Bonn 2
Dresden 1
Hamburg 1
Boblingen 1
Hoppstadten-Weiersbach 1
Having defined the sample firms, the next step was to define who should be addressed 
in the sample firms. I decided to address the upper-echelon of the firms, either 
represented by the CEO or a member of the first hierarchy level, for the following 
reasons: From a practical perspective, most sample firms are small firms where the 
CEO or members of the first hierarchy level combine knowledge about the external 
environment, the firm’s strategic development, and know-how on biometrics, which I 
aimed to collect. Considering the research questions, employees on lower hierarchy 
levels could not have similarly contributed to the political-economic and strategic issues 
I aimed to study because they are not involved in strategic decisions-making of their 
firms.
From a theoretical perspective, my decision to address the upper-echelon of sample 
firms was grounded in my interpretivist epistemological position. As an interpretivist I 
believe that truth is subject to interpretation and must be approached and triangulated 
from different perspectives (Thietart, 1999; Saunders et al., 2009). This requires the 
collection of data which is rich and qualitative enough to be interpreted and allow 
insights from different perspectives -  economically, politically, strategically and 
technically. Considering the size of sample firms, such personal background is in most 
cases only offered by respondents from the top management; vice versa it would 
hardly be possible to collect similar information from members of lower hierarchies in 
the sample firms, which focus on more operative and technical issues. This decision is 
supported by previous studies in related fields where it has been shown that in-depth 
interviews with respondents from the upper-echelon of firms are suited to collect 
qualitative data on the relationship of the institutional environment and firm strategy 
(e.g., Farashahi, M. and Hafsi, T., 2009 referring to textile firms in Iran; as well as
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Ahlstrom, D. and Bruton, G. D., 2010 referring to Russian high-tech firms). Similarly, 
qualitative in-depth interviews have been used to collect primary data in studies on the 
influence of external factors on strategy development of firms in a single industry (e.g., 
Sharma and Vredenburg, 1998 referring to environmental issues in the Canadian oil 
and gas industry).
The overview of respondent demographics shows that most respondents are members 
of the top management: 9 of them are CEOs or former CEOs, 4 of them Vice 
Presidents and Sales Directors. In 5 firms, top managers appointed a representative of 
the middle management as respondents and I found that they were briefed sufficiently 
to answer the questions.
Table 3: Respondents’ position in sample firms
Source: Field studies
Respondent position Number of firms
Founder and CEO 3
CEO 4
Former CEO 2
Vice President 2
Sales Director 2
Product Manager 2
Other middle management position 3
All respondents except for two were male. All respondents hold at least one academic 
degree, 7 out of 18 hold a doctoral degree. This indicates closeness of the biometrics 
business to the academic and scientific world, which relates to the research questions 
concerning the transfer of knowledge between both fields. An interesting issue in this 
context is the origin of the firms: Among the 16 firms in my sample, 2 were founded by 
ex-Fraunhofer employees (although these were no real spin-offs) and 2 were Siemens 
spin-offs when the German electronics giant closed their own biometrics activities. I will 
analyse later which influence quasi-public research institutes have on German 
biometrics manufacturers.
In qualitative inquiry, the size of samples tends to be small (Patton, 2002; Punch,
2009). Since I wanted to conduct research on a strategic group of firms in the 
biometrics industry, I had to choose samples from different firms. On the one hand this 
raised the possibility to gain a holistic picture of the research object; on the other hand 
it caused higher efforts in the data collection stage. The planned sample size was 15 
and was added by an additional firm which I encountered in the course of data 
collection. Since the number of firms in the field of biometrics manufacturing is 
approximately 30, the proposed sample represents half of the population. Thus, the
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results of the study provide a realistic picture and comply with research quality 
requirements (see section on reliability and validity). This data set was smaller 
comparing with a typical quantitative sample but produced more detailed information 
and enabled in-depth understanding of the phenomena observed in practice and 
reviewed in the literature (Patton, 2002).
3.3.5 Overall Research Design
According to the methodology literature, research is a process consisting of several 
stages a researcher must follow; however, the number and order of stages vary 
depend on the individual research project (Saunders et al., 2009). Whereas in a 
positivist framework the research design is finalised prior to the empirical work, 
interpretivist researchers often allow their research questions to be sharpened in the 
course of the study (Royer and Zarlowski, 1999). Therefore, my research design 
needed to be open to changes that might emerge in the course of the research project.
I planned in advance that research stages might overlap, could be repeated or 
redefined (Royer and Zarlowski, 1999; Patton, 2002; Punch, 2009).
Based on the literature review and my epistemological position I applied the following 
research design to this study which orients roughly in the suggestions of Saunders et 
al. (2009) and Patton (2002) and is illustrated in figure 6. I had started my scientific 
journey with observations made during my professional work in the German biometrics 
industry which raised my interest in reviewing the literature to shed light on those 
issues from different theoretical perspectives. A critical evaluation of the theoretical 
framework from various perspectives was then required to develop sound research 
aims and questions as the starting point for my scientific study. My research questions 
were grounded in the literature and inspired by my practical experiences. Then, I 
developed a research methodology and design consistent with my epistemological 
stance and suited to answer my research questions. In the next step I developed data 
collection instruments and started data collection. In qualitative research, truth is best 
approached through the use of several data sources, which is called data triangulation 
(Saunders et al., 2009). I applied triangulation by conducting semi-structured interviews 
and collecting documentary evidence.
Data analysis was based on content analysis methods, starting with pattern recognition 
and category development. The collected data was then classified into the categories, 
analysed and interpreted. Eventually, I developed conclusions as well as implications 
for theory and management. These steps will be further described in the following 
sections of the methodology chapter.
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Figure 3: Research design
Source: This study, oriented in Patton (2002) and Saunders et al. (2009).
49
3.3.6 Reliability and Validity
In any scientific research study it is necessary to introduce criteria that distinguish the 
quality of research. Concepts and measurement instruments need to be precise, 
replicable and must contribute to the research questions (Drucker-Godard et al., 1999). 
The most prominent criteria to distinguish research quality are reliability and validity. 
Reliability indicates whether a measurement is accurate or not, i.e. the scale is free 
from bias and random error. Formulating this from the opposite perspective, reliability 
indicates whether the results and findings of a study are consistent and can be 
reproduced by other researchers who apply the same measurement (Saunders et al.,
2009). The term bias is used for “errors and inaccuracies” in collected data (Sekaran 
2003:228). For example, interviewers may cause bias by misinterpreting data. 
Interviewees may provide answers they consider to be socially acceptable (Saunders 
et al., 2009). Since I had chosen a qualitative research approach I needed to consider 
the question of bias carefully. Interviews as a qualitative data collection method tend to 
be susceptible to bias because they rely on verbal reports and individual opinions 
(Remenyi et al, 2005). Reliability also indicates whether the data are internally 
consistent and stable across the different stages and variables of a study (Patton, 
2002; Sekaran, 2003; Remenyi et al., 2005).
Whereas reliability focuses on the accuracy of measurement, validity indicates 
whether the right thing is measured. Unlike reliability, it is not concerned with the 
measurement but with the relationship of cause and effects (Saunders et al., 2009). 
Typically, different types of validity are distinguished, of which the most frequently used 
are content validity and construct validity (Sekaran, 2003). While content validity 
examines whether the measure actually measures the concept, construct validity 
indicates to what extent the results fit to the theories that are supposed to be tested. In 
addition to that, it is recommended to distinguish internal and external validity (e.g.. 
Gray, 2009). Internal validity indicates the strength of the cause-effect relationship 
and the correctness of the researcher’s conclusions. This includes the consideration of 
alternative explanations and other factors influencing the phenomenon (Drucker- 
Godard et al., 1999). External validity expresses to what extend a study’s results are 
generalisable. Here, the two questions of interest are whether explanations of the 
phenomena studied can be applied to the entire population and, further, be transferred 
to other scientific areas (Drucker-Godard et al., 1999; Remenyi et al., 2005; Saunders 
et ak, 2009).
Although the concepts of reliability and validity were developed for positivist research 
they are also used to indicate the quality of non-positivist, qualitative research designs
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(Silverman, 2010). Nevertheless, statistical reliability and validity measurements known 
from quantitative research cannot easily be applied to qualitative data. For example, 
Yin (2003b) notes that it is difficult to ensure construct validity for researchers following 
a case study research because the constructs can neither be easily defined nor 
measured. Drucker-Godard et al. (1999) make the point that in quantitative research 
reliability and validity must be measured, whereas in qualitative research precautions 
must be taken to improve reliability and validity. Qualitative researchers have to assure 
consistency and integrity in the entire research design.
What precautions did I apply to ensure reliability and validity? In terms of reliability, 
replicability is particularly critical because the interaction of qualitative researchers with 
their research object makes replication by other researchers more difficult. Considering 
the high influence of qualitative researchers on the data in comparison with 
researchers using quantitative methods, qualitative researchers must precisely 
describe all research stages (Remenyi et al.; 2005; Saunders et al., 2009). They must 
establish a clear chain of evidence that enables readers to follow them from the 
formulation of research questions to the conclusions. I applied those requirements and 
recommendations in my study by building a clear chain of argument and evidence. 
Another typical way to increase the reliability of qualitative data which I assumed in my 
own study is to use data matrices for analysis and presentation (Drucker-Godard et al., 
1999y
Regarding validity Gray (2009) argues that qualitative researchers can address this 
issue by concentrating their questions directly on the research objectives, which was 
done in this study. It has been argued that among the different types of validity, 
construct validity is the most useful concept in social sciences (Drucker-Godard et al., 
1999). In order to increase construct validity a strong chain of evidence was built, 
which is reflected in the discussion chapter. Another way to increase construct validity 
in non-positivist research is to triangulate multiple sources of evidence to assure the 
link between the literature and the study (Remenyi et al., 2005). Patton (2002) provides 
a useful distinction of methods triangulation, data triangulation, analyst triangulation, 
and theory/perspective triangulation. Following these categories, I used theory 
triangulation in reviewing different bodies of literature to illuminate the phenomena 
observed in the industry. Furthermore, I applied data triangulation, i.e. I used different 
sources of data including evidence from interviews and documents. Thus, my research 
design linked theory and concepts with empirical evidence (see research design). 
Internal validity was “demonstrated by sound argument” (Remenyi et al., 2005: 180). 
This means that the discussion of alternative explanations pointed to the relationship 
which appeared as the most plausible without probing this statistically. Gray (2009)
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argues that qualitative researchers need to assume a critical and self-reflexive stance 
to ensure internal validity. This includes the search for alternative explanations, which I 
discussed in chapter 5. Precautions were also taken to ensure internal validity and 
avoid the biases limiting internal validity known from the methodology literature (e.g., 
Drucker-Godard, 1999; Gray, 2009). Particularly, I discussed alternative explanations 
of the phenomena and compared the empirical observations with the different theories I 
had reviewed earlier (Yin, 2003a). As the statistical testing of external validity was not 
possible in the framework of my research design, the demonstration of external validity 
largely depended on my ability to use sound data collection and analysis methods 
(Drucker-Godard et al., 1999). Qualitative researchers should be careful when 
attempting to generalise their findings and conclusions. I strived for external validity by 
repeating the interviews with other participants until it became clear that no new 
perspectives emerged because the data collected already contained the main issues 
(Gray, 2009^
External validity also indicates whether a qualitative researcher has gained access to 
relevant respondents and data. In this study, access to the relevant respondents was 
facilitated through my function in the industry association BITKOM where the majority 
of German biometrics manufacturers are organised. Eventually, external validity -  
indicating whether the results are generalisable to the entire population and 
transferable to other fields -  was increased by using data matrices to condense and 
analyse data (Drucker-Godard et al., 1999). I used this method in the data analysis and 
interpretation stage of this study.
I have argued above that the criteria to judge the quality of quantitative research can be 
transferred to qualitative research; however, there remain some limitations. Qualitative 
researchers have argued that additional criteria are required to assess research 
quality. Patton (2002) underlines that terms like objectivity and subjectivity might be 
misleading in the post-modern world. He suggests using quality criteria such as 
trustworthiness, credibility, and authenticity to distinguish research quality. This has 
been particularly recommended to those researchers who work in constructivist or 
interpretivist traditions.
To claim the mantle of “objectivity” in the post-modern age is to expose oneself as 
embarrassingly naive. The ideals of absolute objectivity and value-free science are 
impossible to attain in practice and are of questionable desirability [...] In short, the 
terms objectivity and subjectivity have become ideological ammunition in the 
methodological paradigms debate. My pragmatic solution is to avoid using either 
word and to stay out of futile debates about subjectivity versus objectivity.
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Qualitative research in recent years has moved towards preferring such language 
as trustworthiness and authenticity. (Patton, 2002;50f)
Speaking in those terms, my concern was to be trustworthy, which means to strive for 
credible, confirmable data, to use rigorous methods and to avoid bias. In addition to 
that, credibility must derive from the qualitative researcher as the instrument of inquiry 
(Patton, 2002). I aimed to add credibility to this study through my personal and 
professional background, e.g. considering training, experience and track record. 
Authenticity required to be reflective about my own perspective in the research 
process and my relation to the topic, as well as to appreciate the perspective of others 
(Paüon, 2002).
3.4 Data Collection
This section is concerned with the methods of data collection applied in this study. It 
starts with a reflection on the nature of the collected data and then discusses sources 
and methods of primary and secondary data collection.
3.4.1 Nature of Data
In accordance with the chosen qualitative research methodology, the nature of data 
collected in this study was qualitative, i.e. non-numeric and not quantified (Saunders et 
al., 2009). Following my interpretivist epistemological position, I needed in-depth 
information which could be analysed and interpreted in order to answer the research 
questions. This kind of information existed in the mind of the managers of biometrics 
firms. To make it available for analysis, I needed to gather the knowledge and opinions 
of respondents, which was transported in spoken or written words. I decided to collect 
this kind of qualitative data because it allowed me to gather a richer picture as 
compared to quantitative data in pre-structured questions and I felt that this would allow 
me to answer the research questions more thoroughly.
In addition to that, I gathered data to indicate whether a firm was commercially 
successful, and how it had developed over the past three years. I used five indicators 
to indicate success or failure in different ways. Firstly, the turnover and turnover 
development indicated whether a firm le to sell their products successfully and was 
accepted by customers. Secondly, a firm’s profit indicated whether it was able to 
conduct business efficiently and could realise sufficient turnover to cover costs. Third, 
the profit margin indicated to the actual level of profitability and allowed comparison 
with other sample firms. Fourth, the equity ration and its development over the past 
three years pointed to the mid-term development of the firm’s balance sheet in terms of
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firm value and firm capital. It was also a general indicator whether a firm was 
developing successfully or not.
Table 4: Indicators of commercial success
Source: This study
Indicator Indication of commercial success
Turnover Development of product sales and acceptance of 
customers
Profit before taxes Ability to do business efficiently, ability to cover costs 
with turnover
Profit margin Level of efficiency, allowing comparison with other 
sample firms
Equity ratio Firm value, firm capital, mid-term trend of success or 
failure
Project and customer references Information about key customers and projects, 
indicating the significance of firm in the German 
biometrics sector
3.4.2 Primary Data
One of the most frequently used methods of primary data collection in the field of 
management research is qualitative interviewing (Remenyi et al., 2005; Gray, 2009; 
Silverman, 2010). Key studies indicate that conducting semi-structured, qualitative 
interviews is a common method in strategic management (e.g., the meta-study on field 
research methods in strategic management by Snow and Thomas, 2007) as well as in 
comparative institutional research (e.g. recently, Bergholm and Bieler, 2013). The 
methodology literature distinguishes structured, semi-structured and unstructured 
interviews. Whereas structured, predetermined interviews are also used in quantitative 
research, unstructured and semi-structured interviews have established as the two 
types of interviews commonly used in qualitative inquiry (Ibert et al., 1999; Patton, 
2002; Saunders et al., 2009).
Considering the interpretive, qualitative nature of this research study I found that fully 
structured interviews would not be a suitable method of primary data collection: First, I 
aimed to enable respondents to touch areas they consider as relevant, without knowing 
them in advance. Second, I needed the flexibility to introduce new issues during an 
interview if it seemed to be reasonable. Nevertheless, the interviews required some 
level of structure in order to cover the fields I had decided to study and answer the 
research questions. Therefore, the first method of primary data collection in this study 
was to conduct individual semi-structured, open-ended interviews. This allowed me to
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let the study further emerge from the data instead of deducing all issues solely from the 
literature.
The interviews were conducted face to face, which did not only establish trust between 
the respondent and me but also enabled me to gather richer and broader evidence 
(Remenyi et al., 2005; Saunders et al., 2009). It was also essential to capture the 
actual wording digitally to avoid bias and strengthen the reliability of data (Silverman,
2010). Moreover, recording the interviews allowed me to pay more attention to non­
verbal reactions, to take additional notes and to adapt questions if necessary in the 
course of the interview (Patton, 2002; Sekaran, 2003). Although there are also some 
disadvantages of recording such as the possibility of technical problems and the time 
needed for transcription (Saunders et al., 2009) I felt that the advantages were stronger 
than the disadvantages.
The interviews were based on a semi-structured interview guide (Silverman, 2010), 
containing 6 main themes and 15-20 prepared open-ended questions, added by at 
least 5 spontaneous questions, depending on firm context and flow of the interview. 
The conversation was free as far as other questions and areas of interest could arise 
during the interview. I took care to allow enough time for discussion and additional 
issues that were brought up by the respondent. The interview guide was pre-tested 
with a pilot interview at one biometrics firm in advance to practice interviewing, to 
change some questions and modify the interview structure slightly (Silverman, 2010). 
All interviewees were contacted in advance and the main topics -  but not the questions 
-  were sent to them by e-mail prior to the interview. Every interview took between 70 
minutes and 110 minutes, with an average of 90 minutes. I conducted all interviews in 
German. The recorded data of every interview were transcribed by a professional 
transcription service. Eventually, every interview was available in a separate transcript, 
which was the basis for data analysis and interpretation (Remenyi et al., 2005).
In addition to the interviews I made notes regarding the contextual data of the 
interview. These notes enriched the qualitative picture of the firm and facilitated better 
understanding of the context in which the firm and the interviewees are embedded. 
They also helped to sharpen my memory of the interviews when I looked back during 
the later stages. Particularly, my notes recorded the location, date, time and setting of 
the visit, as well as the people involved and their background (Patton, 2002; Saunders 
etak, 2009y
As a second source of primary evidence I used organisational documents such as 
annual reports, websites and other firm documents. I found that organisational 
documents are a valuable source to triangulate data. In the study I focused on official 
firm documents to gather information about the firms’ external presentation as well as
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internal situation. For example, annual reports -  if available -  provided the business 
data indicating commercial success. In case annual reports were not available I had to 
gather this information from secondary sources.
Table 5: Firm documents
Source: This study
Documents Reason for collection and analysis
Annual reports To obtain data regarding firm’s internal situation and 
commercial success
Firm web sites To obtain data regarding firm’s external presentation
Other firm documents To gather additional data about firm’s business,
products and external relationships
3.4.3 Secondary Data
I found it essential to gather secondary data as an additional source of evidence, 
complementing the primary data. As this study commits to an interpretivist paradigm 
and applies a qualitative methodology, it is crucial to triangulate the research object 
from different perspectives and use as many different data sources as possible. Since 
secondary data is information that has been collected and processed by someone else 
than the researcher, even though it has been collected for purposes other than the 
researcher’s study (Sekaran, 2003; Saunders et al., 2009), secondary data allowed me 
to verify the findings drawn from the primary data. Whenever secondary data provided 
similar results like primary data, the internal validity of my study was be strengthened 
because both types of data collected indicate to the same cause-effect relationships 
and conclusions (Drucker-Godard et al., 1999). Similarly, the use of secondary data 
strengthened the construct validity of this study by supporting the chain of evidence 
and the link between the literature and the data (Remenyi et al., 2005).
Considering this motivation, I applied a multiple-source secondary data collection 
strategy (Saunders et al., 2009) and gathered secondary information in two major 
fields. First, I collected contextual secondary data regarding the international and 
national business environment in which the biometrics business is embedded, on 
governmental policy, ethics and technology. The data were drawn from a broad variety 
of references such as commercial market and industry reports, legislative provisions, 
technical standards and policy papers. I also referred to academic journals providing 
technical background on biometrics as far as it was required for the purposes of this 
study. I used this information in chapter 4 to discuss the research context of the 
German biometrics industry, as well as in chapter 5 to discuss the findings of the study 
and support or refute the arguments drawn from the primary data.
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Second, I collected secondary data to assess the commercial success of sample firms, 
thus complementing the data available directly at firms, or substituting it if the data 
were not directly available. I obtained this information from professional business 
information data bases such as Business Insights, Creditreform and Dun & 
Bradstreet.
3.4.4 Data Access
Access was a critical issue in my study because my strategy to triangulate the sources 
of data collection resulted in the decision to interview decision makers from different 
firms, which required negotiating access with 16 different firms. This approach 
multiplied the initial negotiation effort with gatekeepers in comparison with a study 
carried out within a single firm and there was a risk that some firms reject to participate. 
To gain access to the interviewees I applied several strategies known from the 
methodology literature (e.g., Saunders et al., 2009). Over the past years I had become 
familiar with many firms in the field of biometrics manufacturing and I had established 
trusted relations with some of them that could potentially participate in my study. Those 
trusted long-term relationships clearly eased access for me. I contacted all firms either 
directly face-to-face, for example at industry meetings, or by telephone, to raise their 
interest. In a second step, I sent them an overview of the planned study and asked for 
their participation (Patton, 2002). All firms I contacted took part in the study, except for 
one firm that rejected my request. Considering that a researcher from outside of the 
industry would probably not have been able to access all of these firms, my previous 
experience in the industry turned out to be an advantage. Another activity to ensure 
access was to highlight information benefits to potential respondents. The new insights 
will be of high interest for participants because they relate to the problems they actually 
face in practice. In addition to that I agreed to provide the results of my study to 
participants after the study has been published (Saunders et al., 2009). I used an overt 
approach, i.e. I informed the firms about my research project and I collected data only 
with the subjects’ knowledge and permission (Ibert et al., 1999).
3.5 Data Analysis and Interpretation
This section starts with an explanation of my data analysis strategy, followed by a 
discussion of the methodological decisions in data analysis and interpretation.
3.5.1 Analysis Strategy
Having collected a rich variety of empirical data including interview transcripts and 
documentary evidence it was necessary to analyse the data. Raw data needed to be
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transformed into findings to answer the research questions (Patton, 2002; Saunders et 
al., 2009). Although some researchers believe that qualitative data should not be 
analysed at all, most qualitative theorists find that some kind of analysis is necessary 
(Gray, 2009).
Against the background of my interpretivist epistemological position, I found that the 
design of data collection and analysis must be flexible and stages during data 
collection and data analysis could overlap (Patton, 2002). In fact, I found it almost 
impossible not to start the analysis processes in my own head as soon as I had started 
to collect the first data. Later, when I was still conducting interviews, I started 
transcription and analysis of the interviews recorded earlier. This proceeding is 
supported by Silverman (2010) who notes that data analysis might provide new insights 
which give the research a new direction or lead to changes in the chosen research 
design. I decided to use content analysis to analyse the interviews as the main 
source of primary evidence, and document analysis to analyse firm documents as 
the additional source of primary evidence. Since both techniques differ from each 
other, I will now first discuss interview content analysis and then discuss document 
analysis.
3.5.2 Interview Content Analysis
This section gives an overview how content analysis was used to analyse and interpret 
the qualitative interview data. Content analysis is a common method to discover 
patterns in a high volume of qualitative data (Gray, 2009). It can be used to analyse all 
kinds of qualitative data such as interview transcripts, documents and observational 
notes (Patton, 2002). Qualitative content analysis enables researchers to identify 
meanings and perceptions of people without applying fully prestructured categories and 
statistical instruments to test them.
In the course of content analysis I categorized the collected data and analysed the 
content using an open strategy, i.e. categories were developed in a pattern recognition 
process. I was aware in advance that the analysis of the findings would be challenging 
because responses to open-ended questions are more difficult to compare than 
responses in quantitative, standardised questionnaires. Therefore, I needed to place 
the spoken words in a more general context (Allard-Poesi et al., 1999) which was given 
by the results of the literature review as well as the research questions and was added 
by new categories emerging during the field study. The identified patterns were then 
used to construct a typology of issues (Patton, 2002) among which relationship could 
be identified.
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The technical operations undertaken to analyse the data started on the base of word- 
processed interview transcripts (Saunders et al., 2009). Subsequently, it was 
necessary to develop a classification scheme for the raw data to facilitate content 
analysis. In a first step, I searched in the interview transcript for patterns. While moving 
back and forth between the raw data and the identified patterns, categories emerged 
from the patterns and developed step by step into a category system. Eventually, the 
data were classified into those categories (Patton, 2002). Patton suggests the following 
logical steps to make the themes explicit that are hidden in the raw data:
■ Identify patterns and highlight themes
■ Label themes
■ Develop a category system
■ Classify data into categories
This structure is similar to Saunders et al. (2009) who suggest summarising, 
categorising and structuring/ordering as the main processes. Although I used the 
computer to organise and manage the data I did not use computer-assisted qualitative 
data analysis software (CAODAS). I believe that the identification of patterns, the 
development of an interpretive framework and the interpretation of data should be done 
directly by the human researcher. In the course of analysis, I read through the raw data 
as often as possible and commented the text by making notes, marking the data and 
adding comments. In this step I brought up first ideas what to do further with the data, 
and realised first hints on emerging patterns and themes. In a second reading I made 
connections between the highlighted text passages and identified patterns emerging 
from those connections. The next step was to give names to the themes. Whenever I 
identified a pattern, I gave it a name and indexed it in a list. Step by step, I constructed 
a category system as a framework to organise my field study, and classified all data 
into these categories (Patton, 2002). In addition to the categories that emerged from 
the identification and categorisation process, other categories derived from the 
research questions and interview guide (Saunders et al., 2009). This step was a 
prerequisite for the subsequent analysis and the interpretation 
phase (Patton, 2002).
During analysis and interpretation, the researcher makes sense of the data which has 
been brought into order before. The task is now to interpret meanings, offer 
explanations and draw conclusions. Since I did not use statistical tests to recognize 
whether a theme is significant, I needed to rely on my own judgement and experience 
(Paüon, 2002).
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To analyse the data I applied inductively based analytical procedures that suited to the 
exploratory character of my research. In particular I used two procedures suggested by 
Saunders et al. (2009). In the process of template analysis, the categories developed 
earlier can be shown in a hierarchy of top-level and lower-level categories. In this 
sense, template analysis is a specific way of conducting the more general pattern 
recognition and category development process. The second analytical procedure I 
used was data display and analysis. Here, the data were first reduced and then 
displayed in visual displays like diagrams and tables (Saunders et al., 2009). Outcomes 
matrices (tables) provided an instrument to display the constructed categories and 
guide interpretation (Patton, 2002).
Another analytical instrument was comparison (Allard-Poesi et al., 1999). Particularly, I 
interpreted the data through a comparative analysis of the participating firms. The 
categories that emerged from the data served as dimensions in comparative matrices. 
To allow comparison, I formed groups of firms and brought them into a comparable 
order. Useful criteria could be, for example, markets, technology, and size. Then, I 
compared firms in the matrices. This kind of cross-classification produced cells that 
were useful to display and interpret qualitative relationships (Patton, 2002). In the 
interpretation process I worked back and forth between the collected data and the 
categories in order to make categories more and more precise. Throughout this 
process, some categories as well as the classification of some data changed. 
Eventually, the underlying meanings of the words, either spoken in the interviews or 
written in the documents, became clearer.
Having analysed the data I started with the interpretation of meanings. The excerption 
of meanings is a distinctive characteristic of qualitative analysis. In the context of an 
interpretive epistemology it is essential to learn what the raw data means, what it tells 
about the phenomena and how it contributes to answering the research questions 
(Patton, 2002). My aim was to allocate meanings to the collected data, to understand 
the relations of concepts and compare firms with each other. In addition to comparison, 
I aimed to recognise causes and relationships.
Despite the widespread use of content analysis I had to consider some limitations. The 
generation of categories and classification of themes into these categories reduced the 
nuances and subtle differences of qualitative data because the developed categories 
could not display all variations of themes appropriately (Allard-Poesi et al., 1999). That 
is why, on the one hand, I had to bear in mind that the richness of qualitative data 
might provide other explanations than those that are obvious on the first glance. On the 
other hand, qualitative content analysis provides a far richer and more complex picture 
of a situation than a prestructured quantitative approach.
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3.5.3 Document Analysis
In addition to the interviews, which were the main source of primary evidence, I used 
documents as another source of primary evidence. This was reasonable in order to 
triangulate the research questions from different perspectives and data sources and 
compare the results. It also made my analysis more thorough and provided a more 
holistic picture of the firm with respect to the research questions (Saunders et al., 2009; 
Silverman, 2010). Whereas the interviews provide a picture how the individual 
respondent perceives the issues covered by the research questions, document 
analysis showed how the firm as an entity presents itself and how it wants to be 
perceived by others. This is not only a different purpose -  while interviews are 
individual portraits of the respondent’s opinion, the documents are the result of a 
collective work and transport the perspective of a group of people.
Similar to the interviews, the documents needed to be analysed and interpreted. I did 
not restrict myself to collecting only a particular type of document; rather, I collected 
whatever the firm used to present itself to the external environment and what the 
respondent was willing to provide. This included annual reports, brochures, product 
flyers, whitepapers, firm web sites etc. I limited document analysis as far as I did not 
collect internal communication such as e-mails, notes etc.
Although document analysis contains elements which are rather similar to interview 
content analysis as far as the search for patterns and categories is concerned, the 
techniques required to analyse documents differ from interview analysis because both 
types of data differ regarding their background, purpose, form and content (Gray, 
2009). Considering these differences I had to consider carefully the background of the 
documents, e.g. why and how they were produced (Patton, 2002). Moreover, I 
developed an analysis approach which is less schematic and more flexible than 
interview content analysis to allow adaptation to whatever type of document was 
provided by the firm. Similar to the interview transcripts I read the provided documents 
and searched for patterns and categories but adapted the technique to the individual 
document.
The documents were then compared with the interview data of the same firm to find 
correspondences and differences between interviews and documents. Another aspect 
of interest was to assess the correspondence of appearance and content, including 
text, layout and graphical elements.
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3.6 Ethics
Similar to most research in social sciences, my project had ethical dimensions and I 
had ethical responsibilities throughout all stages of the research, from design over data 
collection and data processing to analysis and reporting of findings (Saunders et al.,
2009). First, I subscribed to the principles of integrity, honesty and respect (Patton, 
2002). Second, the interviewees were fully informed about the purpose of my research 
and that they are being interviewed. This requirement is often called informed 
consent (Gray, 2009; Punch, 2009). in any case, participation was voluntary 
(Silverman, 2010). Third, I needed to be responsible regarding participants’ privacy 
(Saunders et al., 2009; Gray, 2009) as well as data protection in handling competitive 
information which is given to me. In other words, I had to prevent the risk of misusing 
competitive data. All data were handled with confidentiality. The results are only be 
published and disseminated in aggregated, anonymous form (Saunders et al., 2009). 
Eventually, participating firms are provided with the study results to allow them to gain 
new insights (reciprocity) (Punch, 2009). Since I did not collect personal, medical or 
University of Surrey staff data, and as this study did not involve vulnerable groups or 
include any other form of particularly sensitive research I did not need ethical 
permission from the University Ethics’ Committee or the Faculty of Management.
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4 Research Context: The German Biometrics Industry
This chapter introduces and discusses the research context of this study, which is the 
German biometrics industry and, within this industry, the group of biometrics 
manufacturers. It aims to provide a realistic picture of this industry to clarify the 
motivation to undertake an empirical investigation within this group of firms. To achieve 
this aim, I point to patterns which emerge from contextual secondary data as discussed 
in the methodology chapter. The chapter starts with a brief overview of biometrics to 
clarify what kind of products is provided by the biometrics industry. This section is 
based on technical and policy-related academic literature in the field of biometrics, 
legal sources and contextual secondary data such as commercial market reports. 
Following, I discuss how the biometrics industry and its value chain are structured. 
Later, I introduce the group of biometrics manufacturers, which constitutes the focal 
point of this study. Here, I point to the patterns which have motivated me to undertake 
this study.
4.1 Introduction to Biometrics: Technology and History
The term “biometrics” derives from the Greek words “bios” (life) and “metron” 
(measure). In a broad sense, biometrics can be defined as the measurement and 
statistics of body characteristics (Nolde, 2002; Liberatore, 2007). With this meaning, 
the term has been used in medicine, biology, agriculture and pharmacy. The 
development of automated technologies to measure and evaluate physical 
characteristics since the 1980s; however, has given the word a more technical 
meaning. Jain et al. express this in their accurate definition of biometrics as “the 
automatic recognition of individuals based on their individual and/or behavioural 
characteristics” (Jain et al, 2004:1). Gorodnichy (2009) supports this definition and 
draws attention to the fact that biometrics are a sub-field of image processing and 
pattern recognition.
The technical fundamentals of biometrics have been widely discussed in the technical 
academic literature, and the body of knowledge on biometric recognition is growing 
constantly. Unlike authentication methods based on knowledge such as PINs and 
passwords, or on possession such as keys, biometric authentication is based on 
individual physiological or behavioural characteristics. As biometric characteristics 
cannot be transferred to other people they allow proving that a claimed identity is 
genuine (Wayman, 2001; Jain et al, 2004 and 2006; Bowyer et al., 2008; Busch, 2010). 
Jain et al (2004 and 2006) give a profound technical introduction into biometrics in their 
articles that are among the most cited sources on biometrics. They point out that the
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most-used biometrics are fingerprints, facial images (Jain et al, 2006), iris images 
(Daugman, 2000, 2004 and 2007; Bowyer et al, 2008), signatures (Humm et al, 2009), 
voices (Pawlewski et al, 2006), palm prints (Wayman, 2001; Kozik and Chords, 2010), 
vein patterns (Wang et al., 2008; BTT, 2009 b) and retinas (Jain et al, 2004; Fuhrmann 
et al, 2009). Unlike fingerprints and faces that are solely physiological characteristics, 
signatures and voices are also influenced by behavioural factors (BIOVISION 
Consortium, 2003; Jain et al, 2004). In addition to that, research has been undertaken 
on less common characteristics such as keystroke or gait (Behrens and Roth, 2001; 
Elsevier Science, 2002; BIOVISION Consortium, 2003; TeleTrusT, 2006; Herzog,
2010).
Methods to use physical characteristics for authentication have been practiced for 
centuries without using the term biometrics. For example, in ancient Babylon, Assyria, 
China and Japan, fingerprints were used to sign contracts. In modern times, pictures, 
body height and fingerprints have been used in criminal prosecution. For example, the 
British forces in India used fingerprints to detect pension payment fraud by soldiers 
(Hamann, 2007). In the 1890s, Alphonse Bertillon developed a method to measure 
physical characteristics such as height, and evaluate them (Guthrie and Jenkins, 2005; 
Hamann, 2007). In the following years, Galton and Henry developed a fingerprint 
analysis methodology, later called dactyloscopy, which has been used by police 
authorities since the early 1900s (Galton, 1892). In 1903, Saxonian authorities in 
Dresden were the first to introduce dactyloscopy in Germany (KCinzer, 2002; Hamann,
2007). Automated methods were first tested in the 1960s when the FBI introduced an 
Automated Fingerprint Identification Systems (AFIS) to analyse and compare 
fingerprints; however, the fingerprints were still enrolled with ink and paper and then 
scanned into a database, and the verification of fingerprints still required human 
support (Behrens and Roth, 2001; Am berg, 2003). Although the combination of 
automated enrolment and verification of biometrics became a research field in the late 
1960s, biometric methods did not gain economic importance until the early 1990s. 
Since then, the use of biometric methods in security applications has become the most 
important field of development (Jain et al, 2006; Tavano, 2006; Bowyer et al, 2008; 
Borchert et al., 2010). Recent studies are concerned with the combination of two or 
more biometric characteristics in multimodal systems to increase overall system 
security (Hong and Jain, 1998; Jain et al, 2004; Chang et al, 2005).
While the fundamental technical issues of biometrics have been widely explored, 
market diffusion is still in its beginnings. The technical academic literature suggests 
that every biometric characteristic has particular strengths and weaknesses in different 
application fields (Jain et al, 2004; Boussadia, 2009; McIntosh, 2009). Following the
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terrorist attacks in the United States in 2001, the use of biometric methods in public 
security applications has been in the centre of attention and governmental interest in 
this new technology has increased rapidly. For example, biometric methods provide the 
potential to minimize the use of false identities and forgery of official identification 
documents (Balzacq and Carrera, 2005; Council of the European Union, 2006; 
Salomon, 2007; Keesing, 2009 b; Borchert et al., 2010). As reviewed in chapter 2, one 
of the results of governmental policy in the field of biometrics has been the worldwide 
deployment of biometrics to electronic passports, as it was the breakthrough to the 
widespread use of biometric methods (Aus, 2006; Keesing, 2009). These first large- 
scale applications did not only increase the worldwide demand for biometric products; 
rather they were market openers for related application fields such as border control 
and visa-related processes (Kluger, 2009). The European Union has redesigned visa 
application processes and member states have started to plan and implement such 
systems (Balzacq and Carrera, 2005; Aus, 2006; Commission of the European 
Communities, 2006 and 2006 b; Council of the European Union, 2006; Keesing 2009 
b). Consequently, aviation security processes are influenced by biometric border 
control and the use of electronic passports (European Parliament and Council, 2002; 
Commission of the European Communities, 2004; Junghanns et al, 2004). Traditional 
processes in these areas have started to change significantly because the use of 
biometrics requires the establishment of a new infrastructure as well as a new design 
of organisational and structural security measures (Balzacq and Carrera, 2005; 
Broekhaar and Ashbourn, 2008; Keesing 2009 b). Biometric technologies are also used 
in private sector applications such as access control, retail, banking, and call centres 
(Cummings, 2005; Lee, 2006; Molenaar, 2007; Herman, 2007; Lion, 2007; McIntosh, 
2009). The use of biometrics is closely linked to the issues which have been discussed 
by previous researchers in the institutional literature. I have shown in the literature 
review that the legal framework and governmental policy have a significant influence on 
the economic behaviour of firms. The question emerges how governmental policy and 
the regulatory framework as an outcome of such policy, both internationally and in 
Germany, influence the business of German biometrics manufacturers.
4.2 The German Biometrics Industry and Value Chain
This section aims to clarify the motivation to undertake an empirical investigation in the 
German biometrics industry. It links the contextual particularities to the strategic 
management literature and the political economic literature. I start by giving an 
overview of the industry, then explore how the value chain of the industry is structured 
and, finally, discuss what strategic groups can be identified within the industry.
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Considering the growing importance of biometric technologies in Germany, the role of 
the German biometrics industry remains strikingly unexplored. The political economic 
literature suggest that industry and trade associations play a considerable role in 
coordinating inter-organisational relations of firms and in building trust across 
organisational boundaries (Casper, 2001; Bachmann, 2010). The German biometrics 
industry provides an argument for this claim. It is organised at the association of the 
German information, telecommunication and new media industry (BITKOM). BITKOM 
represents 1,300 firms (BITKOM, 2004 and 2009), which gives this association 
considerable coordination influence and negotiation power. Within the structure of 
BITKOM, the biometrics industry is represented by the Expert Committee Biometrics, 
consisting of representatives of the German biometrics firms (BITKOM, 2009 b). One of 
the tasks of the Expert Committee has been the publication and maintenance of the 
Biometrics Guide Germany (Landkarte Biometrie) (BITKOM, 2008), which is based on 
a survey among biometrics firms. It is the only source providing basic statistical data on 
the German biometrics industry. The biometrics guide does also classify the German 
biometrics firms according to their position on the value chain. The industry’s value 
chain comprises the following elements (ibid.).
■ Basic and applied research
■ Development, manufacturing and assembly, including hardware (sensors, terminals 
etc.) and software (enrolment, matching, middleware, applications etc.)
■ System integration (integration of components into larger systems, e.g. access 
control, border control, national identification schemes etc.)
■ Marketing and distribution
■ Systems operation, e.g. build-own-operate (BOO)
■ Consulting, as a cross-functional activity that many firms offer in addition to their 
core business
This value chain can be illustrated as follows:
Consulting ^
Basic R e s e a r c . ^
Figure 4: The biom etrics industry’s value chain
Source: Own figure based on BITKOM (2008)
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The technical literature provides a more detailed analysis of biometric firms’ core 
activities. According to Jain et al. (2004), a biometric system is designed of four main 
modules: a sensor module for data capturing and communication, a feature extraction 
module to process the enrolled biometric data, a matcher module to compare an 
acquired data set against a stored one, and a system database module to store the 
biometric data. Alternatively, the data can be stored on any kind of token such as a 
smart card or another hardware device. Following these indications, biometrics 
manufacturing includes the development, manufacturing and assembly of hardware 
and software. Against this background I define the term biometrics manufacturing as a 
bundle of activities including the development, manufacturing and assembly of 
biometrics components and products.
According to the biometrics guide the German biometrics industry is a small industry of 
approximately 80 firms (BITKOM, 2008). According to BITKOM, 49 firms characterize 
themselves as manufacturers. Although some manufacturers do also provide 
integration services, most firms have a clear focus either on manufacturing or on 
system integration (BITKOM, 2008). Most of the biometrics manufacturers are small 
and medium sized firms. It is estimated that only 500 people were employed directly in 
German biometric manufacturing in 2003, and 5,000 to 10,000 in the entire industry 
including system integration, consulting and other services etc. (Booz Allen Hamilton et 
al., 2003). As the biometrics guide is maintained by the industry without scientific 
support, the methodology, the instruments of data collection and the evaluation of 
results do not comply with academic requirements. Nevertheless, the guide is a 
valuable source providing information about the industry.
Since the scope of research should not be too broad it was necessary to delimit the 
research project to an intra-industry subgroup. The question was whether biometrics 
firms can be classified into strategic groups according to their value chain activities. 
Gulati et al have suggested that firm interaction and relationships are suitable criteria to 
identify intra-industry grouping (Gulati et al., 2000). Following this argument, the 
following strategic groups could be identified in the German biometrics industry: 
Universities, quasi-public research institutions, manufacturers, system integrators, 
consultants and others. These strategic groups are visualised in Figure 2 in the 
methodology chapter as the unit of analysis. This study focuses on the group of 
biometrics manufacturers. Since they have the core know-how regarding the 
technology and form the heart of this industry, their commercial success is critical for 
the other subgroups in the industry as well.
A technological analysis reveals that 31 manufacturers provide fingerprint 
recognition, 15 face recognition, 7 iris recognition, 7 signature recognition, 6 voice
67
recognition and 2 keystroke recognition. Although most manufacturers specialize on 
one technology, some firms are active in two or three different technologies (BITKOM,
2008). The biometrics guide also reveals in which geographic regions the biometrics 
firms are located. The data show a clear centre in the south and south-west of 
Germany and two smaller centres in Berlin and Hamburg (BITKOM, 2008). The 
concentration in the south and southwest corresponds with the economic strength of 
these regions.
Linking the industrial context to the strategic management and the political economic 
literature, the industry’s value chain can be considered as a social network in the sense 
of Gulati (1998), who claimed that such networks are made of social and economic 
relationships of different kind, such as supplier relationships, resource flows, trade 
association memberships etc. I refer to these types of relationships because they relate 
to my definition of the German biometrics industry: Firms within this industry are 
members of the same trade association, they are interlinked by supplier relationships, 
and resources are exchanged along the value chain to bring biometric products to the 
market. The biometrics industry’s value chain reflects the discussion of inter- 
organisational relations in the comparative political economic literature (e.g.. Hall and 
Soskice, 2001 ; Whitley, 2003) where it has been argued that Germany displays a high 
level of inter-firm authority sharing and institutionalisation of trust. This kind of authority 
sharing and trust occurs along the value chain and includes supplier-customer 
relationships as well as other partner relationships, e.g. in research and development. 
Particularly, in innovative high-tech settings where research and development is 
conducted by SMEs in high-tech industries, inter-organisational cooperation is required 
to share resources, knowledge and risk (Bachmann, 2001). Considering technologies, 
the complexity of the value chain and the small size of firms, the biometrics industry is 
indeed a high-tech industry where cooperation of economic actors is essential for the 
commercial success of firms. The industry depends on successful technology transfers 
and a high level of external coordination to bring technologies into products, products 
into systems and both to the market. It can be assumed that a high level of trust is 
necessary to coordinate these activities.
Referring to Casper (2009), the existence of trusted relationships could have supported 
the emergence of this high-tech industry in the coordinated German institutional 
setting, which provides an appropriate framework to build trusted inter-organisational 
relationships. On account of the complex value chain, the knowledge-intensity of 
products and the security policy requirements, this industry would require a high 
degree of institutionalised trust. In this respect, the biometrics industry is not typical for 
the German coordinated market economy which is characterized by innovation
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activities in more incremental fields with less technical uncertainty as I have shown in 
the literature review (e.g., Casper and Whitley, 2004). In the literature review I have 
also pointed to the importance of trade associations in the establishment of inter- 
organisational trust (e.g., Bachmann and Lane, 1997). The organisation of the German 
biometrics industry in the trade association BITKOM is an example for the importance 
of this kind of cooperation and the important role of business associations as non- 
market coordination institutions in Germany. The role of trust-building through trade 
associations might be reinforced because knowledge-intensive products -  such as 
biometrics -  urge organisations to rely on trust with other organisations (Lane, 2000). 
Biometric technologies are highly knowledge-intensive and require a substantial level 
of trust between the actors along the value chain to reduce technical and market- 
related uncertainty, a need which is served by trade associations like BITKOM. 
Considering the industry’s structure including a group of large system integrators, a 
possible explanation of the establishment of this high-tech industry in a coordinated 
market economy could also be the influence of those integrators, which has been 
identified as a supportive factor by Casper and Whitley (2004) at the example of the 
German biotech industry. It needs to be studied empirically whether inter-organisational 
relationships and other institutional factors facilitate the emergence of the biometrics 
industry in Germany or not.
Little empirical effort has been made to explore the particularities of the German 
biometrics industry. What emerges from these considerations is the need for an 
empirical analysis of the external, institutional factors as reviewed in chapter 2 in the 
wider external firm environment that influence the commercial success of German 
biometrics manufacturers.
4.3 German Biometrics Manufacturers: Firms in Economic Difficulties
Having introduced the field of biometrics and the German biometrics industry in the 
previous section, this sub-section is concerned with the group of biometrics 
manufacturers. It aims to shed light on the economic particularities of these firms to 
explain the motivation for an empirical study within this strategic group. The discussion 
is based on secondary data as explained in the methodology section, mainly annual 
reports of firms and professional business information data bases.
4.3.1 Definition of German Biometrics Manufacturers
Although the unit of analysis appeared to be relatively clear at the beginning of my field 
study, I quickly realised that it is somewhat fuzzy at its boundaries, which requires 
some initial reflections on the nature of firms involved in biometrics manufacturing.
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The first point is that it is not possible to draw the outline of what shall be considered as 
a biometrics manufacturer with absolute accuracy. I have shown in the previous section 
that a manufacturer develops core software or hardware components or assembles 
such products. Firms that do only integrate third party biometrics into their products or 
systems are not considered manufacturers; rather, they are considered as system 
integrators. This does not mean that integrators cannot assume manufacturing 
activities; however, most firms studied here are clearly focused on manufacturing own 
biometric products. Vice versa, some manufacturers are able to assume the role of a 
system integrator if the customer requires it. These considerations lead to one of the 
first findings; The role of a firm cannot in all cases be delimited to exactly one element 
of the value chain, and the boundaries of value chain elements are not exactly 
congruent with organisational boundaries. Nevertheless, most firms do assume clear 
roles and there is always a strong tendency that allows classification of a sample to 
one of the value chain elements discussed in the previous section.
It is more difficult to tell what makes a German biometrics manufacturer. What are the 
decisive criteria to define that a biometrics firm is German? Is it, for example, a 
biometric fingerprint scanner developed in Germany? Some of the firms studied here, 
such as firm 16, develop own fingerprint scanners but use verification algorithms 
provided by third parties, some of them from abroad. Nevertheless, this firm is clearly a 
German biometrics manufacturer because it is based in Germany, hardware 
construction and assembly are located in Germany, and the firm holds a patent on a 
unique scanner technology. Is the decisive criteria whether the verification software has 
been developed in Germany? Some firms such as firm 12 use scanner technology from 
abroad to develop their own scanners but have their core competency in biometric 
recognition software. These firms are also clearly German biometrics manufacturers 
although significant parts of the scanner technology are developed abroad. In other 
words, it is not decisive where the hardware is assembled if the firm is based in 
Germany and creates a significant part of their product in Germany. Others like firm 5 
develop both software and hardware in Germany but their capital is in foreign hands as 
the firm’s holding is based in Switzerland. Yet the firm is a German biometrics 
manufacturer because it is entirely based in Germany and develops and assembles 
their products there.
When I analysed the samples I became aware that no single sample fulfilled all criteria 
of a “pure” German firm, which would have been 100% German shareholders, software 
and hardware development in Germany and assembly in Germany. All firms use, to a 
certain degree, foreign resources or technological components, which can hardly be 
avoided in times when electronic sub-components used in products are mostly made in
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Asia. Therefore, the concept of a ‘German biometrics manufacturer’ implies a certain 
grey zone at its boundaries. Nevertheless, the examples discussed above show that it 
is possible to decide in most cases whether a firm is a German biometrics 
manufacturer or not.
Whatever the individual setting of the firm, it is apparent that German innovations in the 
field of biometrics have influenced the world market. Several of the leading 
international face and fingerprint biometrics firms, mostly American but also Asian, 
have their roots in technologies once developed in Germany. Several spin-offs helped 
to spread the technology all over the world, where it was then further developed. At the 
same time, technology and products are being further developed in Germany.
4.3.2 Patterns of Firm Foundations
The analysis of secondary data on firm foundations in the group of German biometrics 
manufacturers shows several peculiarities. 10 out of 16 firms were founded in the years 
from 2000 to 2003. A more thorough analysis revealed that all firms which started their 
business before 1995 did so in other business fields and, later, either decided to focus 
on biometrics or at least add biometrics into their product portfolio. No firm in my 
sample was founded later than 2004. The last foundation was firm 16 and this was not 
an entirely new business; rather it was a spin-off by managers of firm 13. The following 
table displays the accumulation of foundations in the German biometrics sector in the 
years between 2000 and 2003:
Table 6: Year of formation of sample firms
Source: Field studies
Year of formation Number of firms
1983 1
1990 1
1993 1
1994 1
1995 2
2000 2
2001 1
20M 4
2003 3
20M 1
Since 2004, the number of German biometrics manufacturers reduced in a 
consolidation process. This trend continued until 2012 and became apparent in several 
insolvencies. For example, two firms that had been selected as a sample turned out to 
be insolvent (byometrics systems and Psylock), the latter one stopped business only a
71
few days before it was contacted in 2011. A third firm went insolvent shortly after the 
interview was conducted (TST Biometrics).
In addition to that, several German biometrics manufacturers were acquired by foreign 
firms in the past years. Two prominent cases were the acquisition of Smiths Heimann 
Biometrics by Cross Match, a leading American biometric firm, in 2005 and the 
acquisition of Bochum-based ZN Vision by Viisage, another American biometrics firm 
which later also became part of L-1, in 2003. Both German firms were technology 
leaders in their field, one of them in fingerprint and the other one in face recognition. 
The overall concentration process is similarly reflected in the interview data:
This means that in the last years -  I would say predominantly in the last five, but 
perhaps rather almost ten years -  we have on the one hand a strong increase of 
companies in the first phase and now in recent years actually a strong 
consolidation of companies. This means we have many corporate takeovers, often 
not nationally focused, but simply internationally driven. (Firm 10)
Within the short time frame from 2004 to 2011, the number of German biometrics 
manufacturers reduced by more than one third. I argue that if the biometrics business 
was attractive for entrepreneurs, we would see more firms starting their business, and 
the total number of biometrics firms would be growing instead of shrinking. What has 
made this sector less attractive for entrepreneurs? Could it be the structure of the 
institutional environment that limits the economic development of these firms?
4.3.3 Firm Size and Markets
According to secondary sources, most sample firms are rather small. Annual reports as 
well as business intelligence reports were used to gather business figures on firm size. 
I also asked respondents directly about turnover and employee numbers. Among the 
16 firms participating in this study, 8 or 50% realize a turnover of less than € 1 m and 
have 10 or less employees. Another 4 firms or 25% have a turnover from € 1-5 m and 
10-50 employees. Only 4 firms realize a turnover of more than € 5 m and have more 
than 50 employees. Even though the largest firm realizes an annual turnover of € 70 m 
and employs 165 people, a significant share of this turnover is made in other business 
segments. It can be stated that German firms who are predominantly realising their 
turnover with the manufacturing of biometrics products are mostly small firms with a 
turnover of less than € 50 m and less than 100 employees. The following graph 
illustrates these findings:
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4; 25%
Employees
1:6%
D 1-10 < € 1mTurnover 
1:6%
O 10-50 € 1-5m
□ €5-10m□  50-100 2; 13%
□ € 10-50m□  100-500 1:6%
€ 50-100m
8 ; 50%
4 ; 25%
Figure 5: Size of sample firms
Source: Field studies
Clearly, the strategic group of German biometrics manufacturers is a specialised and 
small business scene. For further analysis purposes a category system according to 
turnover was developed:
Table 7: Size classes of sample firms
Source: Field studies
Turnover in million € Size class
<1 Very small
1-5 Small
5-10 Middle
10-50 Large
50-100 Very large
The data confirms that biometrics manufacturers often depend on external partners 
who are located further down at the value chain and, therefore, encounter external 
influences and depend on proper inter-organisational relationships. The smaller the 
firm, the smaller the part of the value chain covered. Whereas one of the larger sample 
firms provides single and ten-print fingerprint scanners, own algorithms and large-scale 
Automated Fingerprint Identification Systems (AFIS), a small firm focuses on a single 
biometric software which is used with scanners developed by other firms.
What are the markets of the German biometrics industry? Secondary sources show 
that the biometrics market is typically segmented by customer groups, by geographic 
regions or by technologies. In terms of customer group segmentation most studies 
distinguish the public sector and the private sector (e.g.. Most, 2009). Considering 
market segmentation by technology, fingerprint recognition generates more than half of 
the world market volume, followed by face recognition with approximately one third of 
the market. Iris, signature and voice have a combined market share of less than half 
the size of fingerprint recognition (IBG, 2008; Most, 2009). As to geographic
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segmentation, 37% of the 2009 revenue was realised in North America, followed by 
Europe and Asia Pacific (Most, 2009). The size of my sample firms stands in contrast 
to the geographical markets served by them. Although the German biometrics 
manufacturers are rather small and technologically specialised, many of them are 
active internationally. Among the 16 manufacturers, 1 is selling only in Germany, 4 are 
selling in German-speaking countries (Germany, Austria, and Switzerland) and 11 are 
selling worldwide.
Table 8: Geographical markets served by sample firms
Source: Field studies
Markets by area No. of firms
Germany 1
Germany, Austria,
Switzerland
4
Worldwide 11
The analysis of customer segments shows that most firms sell to the private sector. 
Their customers are either security installers or they sell directly to firms who install a 
biometric system at their own premises. 6 firms sell both to the industry and the public 
sector, and two 2 firms are only active in the public sector.
Table 9: Markets by customer served by sample firms
Source: Field studies
Markets by 
customer 
segment
No. of firms Firms
Public sector (B2G) 2 4,12
Private sector 
(B2B)
9 1,2,3,6,8,13,14,
15,16
Public and private 
sector
5 5,7,9,10, 11
Consumer sector 0
The differences between the public sector and the private sector become clearer 
considering customer references. The firms that are active in the private sector mostly 
realise access control and time management projects in large industrial firms like 
Siemens or large banks like Sparkasse. They also sell as Original Equipment 
Manufacturers (OEMs) to system integrators such as Bosch, Interflex, Kaba and 
others. In contrast, the firms that are active in the public sector mostly sell their 
products in national identification schemes, border control programmes and police 
applications. An interesting question is whether there are differences regarding the 
influence of external factors between customer segments, which needs to be discussed
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later. First, I analysed whether there is a relationship of geographical markets served 
and firm size. The data show that there is no connection of this kind. Although there is 
a sample in the smallest size class that sells only in Germany, there are several small 
firms that sell in all German-speaking countries and internationally. Firms with a 
turnover above € 10m sell at least in Germany, Austria and Switzerland, if not 
worldwide. There is also no clear connection of markets by customers and firm size; we 
find samples of all size classes across all customer market segments.
T ab le  10: Markets and firm size 
Source: Field studies
Geographical
market
Firm size
Germany ■ Very small: 1
■ Small: 0
■ Middle: 0
■ Large: 0
■ Very large: 0
Germany, Austria, 
Switzerland
■ Very small: 1
■ Small: 2
■ Middle: 0
■ Large: 10-50m: 1 
(integrator)
■ Very large: 0
International ■ Very small: 5
■ Small: 3 
" Middle: 1
■ Large: 1
■ Very large: 1 
(other business 
fields)
Market by 
customer 
segment
Firm size
Public sector 
(B2G)
■ Very small: 0
■ Small: 1
■ Middle: 0
■ Large: 1
■ Very large: 0
Industry (B2B) ■ Very small: 6
■ Small: 2
■ Middle: 0
■ Large: 0
■ Very large: 0
Industry and 
public sector
" VŒysm^L2
" Small: 1
■ Middle: 1
■ Large: 1 
(integrator)
■ Very large: 1 
(other business 
fields)
The analysis of firm demographics leads to the following results regarding the German 
biometrics manufacturers: First, there is a group of German firms involved in the 
development and assembly of biometric products, which show similarities in terms of 
their business, markets and firm structure. Although they are active worldwide, most 
firms are active in roughly comparable fields in terms of geographical segmentation, 
customer segments and technologies. Therefore, they can be summarised in the same 
strategic group and constitute an appropriate unit of analysis. Second, whereas this 
type of firms was founded rather frequently in the late 1990s and the first years after 
2000, firm foundations have come to an end since 2007. Third, the majority of German 
biometrics manufacturers are small firms in terms of turnover and number of 
employees, yet they are active worldwide. Against this background was required to
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study empirically why the growth of firms is limited with respect to the number of firm 
foundations and in terms of turnover and whether this is caused by limitations in the 
external firm environment and the constitution of the German institutional framework.
4.3.4 Firm Success: Explanatory Limitations of internal Factors
To prove the observation that several biometrics manufacturers are in economic 
difficulties, I analysed their performance using the indicators which I have introduced in 
the methodology chapter. I was particularly interested in learning how many sample 
firms can be considered as economically successful and how many cannot. The 
analysis of firm balance sheets and income statements produced notable findings 
regarding firm commercial success. To start with balance sheets, the analysis revealed 
that several sample firms are in serious economic difficulties. 5 out of 16 firms or 31% 
are overindebted and show a negative equity ratio. 4 firms or 25% show a negative 
trend over the past 3 years, such as a constantly falling equity ratio or a significant 
asset reduction. Only 6 samples or 38 % have a stable balance sheet. There was no 
data available regarding one firm. The same pattern emerged from profit and loss 
statements. 7 samples or 44% have a negative annual result, 4 firms or 25% cover 
their costs and only 4 other firms or 25% are profitable.
Balance sheets
1 ;6 %
5 ; 31%
■  Stable balance sheet
■ Negati\fi trend
□  Overindebted
□ Unknown
Ç; 4 75%
Profit and loss statements
1 ; 6% 4 ; 25%
0  Profit
□  Loss
□  Neutral
□  Unknown
4; 25% 7 ; 44%
Figure 6: Financial figures of sample firms
Source: Field studies
In practical terms, only 4-6 firms in my sample show a sound business situation; yet the 
data show that one of the firms with stable finances realises a significant share of 
turnover in other business segments. Although the concept of firm success is subject to 
interpretation I find that the data provided sufficient evidence to state that only one 
quarter of sample firms are commercially successful. This ratio is relatively low, and it 
is similarly untypical that one third of a group of firms in the same private sector is 
overindebted and more than half of the firms have economic difficulties. The data
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suggest that the consolidation process described above will continue and the field of 
biometrics manufacturers will further reduce.
The question arises why the majority of firms within this strategic group are in 
economic difficulties. Could it be the case that firms suffer from a lack of sufficient core 
competencies and internal resources or do external factors in the German business 
system inhibit firm success? The literature suggests that the argument in strategic 
management research regarding the sources of firm success is not about whether 
external or internal factors influence performance; rather, the discussion is about which 
side exerts stronger influence on firm success. Although there are indications that 
external factors indeed exert significant influence on the commercial success of 
biometrics manufacturers it would be implausible to assume that internal factors have 
no influence on commercial success at all. Even within an optimal external environment 
firms cannot be successful if they lack entrepreneurial skills and constant development. 
Yet the field data of this study indicate that German biometrics firms dispose of 
excellent core competencies and internal resources, which is expressed by the good 
performance in international technology competitions and a multitude of awards 
received. Firm managers are highly qualified, which is reflected in a high level of 
doctoral degrees among respondents as discussed above, as well as by their industrial 
career. All respondents in the top management which I interviewed are motivated 
entrepreneurs with a high level of personal engagement. Why does commercial failure 
in this sector appear to be normal, instead of being limited to very few firms? Why has 
the field of German biometrics manufacturers reduced constantly over the past years? 
One could argue that there is simply no market for biometric technologies and that the 
German biometrics sector shows all signs of a declining industry with a stagnating or 
shrinking market. But if there is no market, how can it be explained that there is a large 
market for biometric products in other countries such as the United States, and that the 
biometrics industry has grown rapidly there? This becomes even more paradox 
considering my finding that many of the basic technologies used by American 
biometrics firms have their origins in German technologies, in other words, in the same 
German core competencies which at first glance seem to lack in sample firms. This 
illustrates that internal competencies and resources may be a prerequisite for success 
in this sector, but their explanatory power for the economic difficulties of sample firms is 
limited. The highest technical competencies do hardly lead to commercial success if 
the external institutional framework is structured disadvantageously. Although the 
importance of internal factors is unquestioned, my observations in the industry, the 
results of the literature review and the analysis of secondary data motivated me to 
conduct this empirical study in the group of German biometrics manufacturers and
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analyse the influence of the wider external environment on the commercial success of 
German biometrics manufacturers.
4.3.5 Implications for Empirical Research
This section has been concerned with the biometrics market and industry. I have 
started with a brief technological and historical overview, followed by an analysis of the 
international business environment in this field. The analysis has revealed that 
international security policy has supported worldwide market growth. At the same time, 
the business environment is characterised by some particularities. I have also shown in 
chapter 2 that theory in the fields of strategic management and comparative political 
economic research is applicable to the biometrics sector.
Within the German biometrics industry, the firms that develop and manufacture 
biometrics products and solutions (biometrics manufacturers) form a strategic group 
that faces the same challenges and has similar strategic options. The economic 
performance of firms within this strategic group appears to be influenced and restricted 
by external, institutional factors. The influence of those factors could be decisive for the 
commercial success of these firms. The empirical question emerging from these 
considerations was whether the findings of the literature review regarding the influence 
of such factors could be transferred to the biometrics sector, which external factors 
exactly influence biometrics firms positively or negatively, with what strength they do so 
and how these factors influence firms in practice and detail. There was a need to 
assess how the German biometrics manufacturers perceive the influence of the 
external factors originating from the literature, and how these factors influence their 
commercial success. Strategic management research, comparative economic research 
and the biometrics sector should be connected in an empirical research project. In this 
project, the impact of the external factors reviewed in chapter 2 should be evaluated 
and compared. Eventually, this study should answer the question what strategic 
recommendations could be given to decision makers to handle the influence of the 
external, institutional factors studied.
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5 Results and Discussion
In the literature review I have shown that institutional factors in the wider external 
environment influence the economic success of high-tech firms, and that firms develop 
within the institutional framework of a market economy according to the supporting or 
inhibiting effect which is exerted by these institutions. I have particularly pointed to the 
relevance of international security policy, national governmental policy, industry- 
specific legal and technical rules, inter-organisational relationships and patterns of firm 
financing for firm success and developed the research questions according to the 
findings from the literature.
In this chapter, the results of my study are discussed in relation to the literature to 
answer the research questions. The discussion is based on the analysis of primary field 
data, firm documents and of secondary sources, and it is structured according to the 
external, institutional factors which have emerged from the literature and the field data. 
At the beginning and at the end of every sub-section, the issues discussed are linked to 
the literature review.
5.1 International Security Policy
Without the ICAO working groups [...] we would not have moved ahead as quickly.
At the same time we actually did develop a pretty good technology. We were 
somewhat fortunate with this. At the same time the market has accelerated its 
development due to the increased security demands. All of that happened at the 
same time. (Firm 4)
The literature review has shown that governmental policy is among the institutional 
factors exerting influence on firms in a market economy, and that governments use 
different kinds of policy to encourage economic action of firms as desired by politics 
(Hall and Soskice, 2001). It has been suggested that such policy can even foster the 
growth of industries that are not typical for the particular setting of a market economy, 
as Casper (2000 and 2009) has shown at the example of the German biotechnology 
industry, which emerged as a radically innovative new high-tech industry within the 
coordinated German institutional framework because it was supported by a systematic, 
sector-specific promotion of technology and entrepreneurial firms. Casper’s (2009) 
argument that a sector-specific technology policy using subsidies, technology transfers 
and other instruments is essential for the success of new high-tech firms in the 
coordinated market economy leads to the question whether this finding can be 
transferred to the German biometrics industry. Like the German biotechnology industry.
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the German biometrics industry is a young, innovative high-tech industry embedded in 
a coordinated political economic framework. However, as shown in the literature 
review, the role of supra-national institutions which influence governmental policy 
through international security regulations, and the question how such policy relates to 
the influence of national sectoral policy, has not been discussed with great intensity in 
the context of the Varieties of Capitalism literature. Nevertheless, the political scientific 
literature indicates that European institutions have significantly influenced the policy of 
member states such as Germany in the field of biometrics with their decision to deploy 
biometric technologies to European passports, and that European institutions have 
shaped the institutional framework in which biometrics are used in Europe (Balzacq 
and Carrera, 2005; Aus, 2006; Liberatore, 2007). EU member states were not only 
forced to establish a biometric infrastructure in their passport systems as well as at 
embassies and consulates, even more, the regulation also provided the basis to control 
biometrics passport and visa data at borders. Another European large-scale IT system 
which includes biometrics and requires a new technical infrastructure is the Schengen 
Information System II (SIS II), a common European register to store, administrate and 
exchange information about criminal incidents, wanted people and lost identification 
documents (Balzacq and Carrera, 2005). This policy has also facilitated the 
implementation of large fingerprint data bases, the so-called Automated Fingerprint 
Identification Systems (AFIS), which are used, for example, to store fingerprints of 
criminals. The argument that the biometrics industry is strongly influenced by European 
policy in the field of security is backed by secondary sources such as commercial 
market reports (e.g., IBG, 2006; Schmitz, 2006). As the Centre for European Policy 
Studies notes, European policy also fosters the biometrics market and industry with the 
EU’s plans to implement a biometric border control and entry-exit system (Hobbing, 
2005; Guild et al, 2008).
I have underlined in the literature review that the EU security policy was itself 
significantly influenced by the security policy activities of worldwide institutions like the 
ICAO. The institutional influence exerted by the ICAO on security policy worldwide is 
reflected by the following statement made by the ICAO Council President Gonzalez:
The ICAO MRTD Programme [...] has an impact that goes far beyond aviation 
security. It also substantially contributes to establishing and implementing national 
and international security policies. (Gonzalez, 2009:1)
I conclude that the political scientific literature and secondary data provide evidence 
that the influence of international security policy initiatives on the biometrics sector has
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been significant because they regulate the worldwide mandatory use of biometric 
technologies in certain application fields and foster the market by establishing large- 
scale, centralized information systems which use biometric technologies. Considering 
the policy initiatives discussed above, it seemed to be likely that German biometrics 
firms which develop, manufacture and integrate biometric products are positively 
influenced by such policy, yet there was no empirical evidence on this suggestion so 
far. Against this background, I analysed what results were provided by the field study 
regarding the influence of international security policy on German biometrics 
manufacturers. The most important finding is that international security policy similarly 
applies to liberal and coordinated market economies because all ICAO member states 
and ELI member states were urged to implement these regulations in practice. 
Therefore, the comparative political economic discussion on the role of governmental 
policy must be added in several respects. First, security policy is a field which has 
hardly been discussed in the context of governmental policy, as the literature has 
primarily focused on sectoral technology. The results of this study show that security 
policy can exert a similarly significant influence on firms like sectoral technology policy. 
Second, there is evidence that such policy may be exerted from institutions on the 
international and supra-national level and exert a quasi-governmental influence; and 
third, these influences occur independently from the type of business system. The field 
data support the literature and secondary data insofar as this policy has positively 
influenced German biometrics manufacturers. Firms selling to the public sector state 
that their commercial success is directly connected to international security policy as 
discussed above:
The ICAO-conformity of documents has certainly [...] boosted technology [...] with 
the required implementation of travel documents [...] where biometric information 
has to be stored. This of course has promoted the equipment in the sovereign area 
and has created awareness of the technology. The establishment of the necessary 
background systems, changes in requirements for visa, as well with biometric 
features or linking with biometric features [...] certainly create a major 
advancement. And as the policy making power -  if I am referring to Europe -  is 
located in Brussels and constitutes a Europe-wide impact, and if I look at the 
ICAO-conformity this is certainly a worldwide framework. (Firm 10)
Even though the levelling influence of these international regulations supports 
institutional convergence of coordinated and liberal market economies in terms of 
security policy I found that the overall business systems remain stable because the role 
of security policy is industry-specific and it can be assumed that it does not apply in
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similar manner to other industries. In addition to that, the data show that governments 
have a high degree of freedom in the way of implementing such regulations in practice, 
which limits the converging effect of these international regulations. Nevertheless, the 
finding that the effect of quasi-governmental security policy on firms is widely 
independent from the type of business system is a new contribution to the literature. 
Respondents from firms selling to the public sector report that the regulative processes 
discussed above were followed by new standards, technological developments and 
investments. Against this background, the role of technical standards will be discussed 
in the next section. Secondary sources suggest that security policy positively affects 
the research landscape, mainly because the EU and the Member States have initiated 
large research promotion programmes in the field of civil security and there are 
attempts to establish a European industry policy for the security industry (e.g. 
European Commission, 2012). Considering Whitley’s (2008) argument that state- 
supported research is an essential success factor in the emergence of high-tech 
industries, the role of governmental research promotion in the German biometrics 
industry will be discussed in section 5.3.
in contrast to the public sector and to the literature, respondents from firms selling to 
the private sector state that security policy has not been a significant market driver. 
Although some of them perceive a moderate positive influence, the majority of 
respondents do not perceive significant influence of international security policy. 
Fingerprint biometrics is a good example to elucidate this intra-group difference. 
Whereas the ICAO decision to make fingerprints the second major biometric 
characteristic in electronic travel documents has changed the public sector business 
environment, creating demand for new infrastructures, technical standards, exchange 
methods etc., it has not exerted such influence on firms selling to the private sector. 
This is mainly a result of legal restrictions concerning the use of electronic passports 
and ID cards for private sector applications in Germany. Although some firms perceive 
a moderate influence of international security policy on industry business because 
customers have become more aware of security issues and solutions after 9/11, this 
increased interest has had little influence on sales volumes. For industry customers 
and consumers, convenience and comfort aspects play a more important role than 
international biometrics standardisation. Therefore, the data show a clear distinction 
between the public and the private sector regarding the influence of security policy on 
firm success. The differences in strength of influence by international security policy on 
the market segments are displayed in the following table.
82
Table 11: International security policy and market segments
Source: Field studies
M arket seg m en t In fluence o f in ternatio n a l secu rity  po licy
Public sector +++
Private sector +
Consum er sector 0
It was also of interest to analyse whether the strength of influence also differs 
according to biometric technologies. I found that face and fingerprint are influenced the 
most by security policy because they are the primary biometric identifiers in electronic 
passports, followed by iris recognition. All other biometric technologies are not
influenced by international security policy. For example, the data show that
international legislation has completely ignored signature biometrics. As a 
consequence, there is neither a legal nor a technical international framework for 
signature biometrics, which is perceived by respondents as a barrier in all market 
segments. Signature biometrics did not benefit from international security policy like 
other biometric technologies, and respondent even perceived a negative influence as 
signature biometrics were less discussed in the media after 9/11 than before because 
this technology did not appear to be an instrument to counterfeit international terrorism. 
Nevertheless, I argue that security policy still influences the major share of the 
biometrics world market because fingerprint, face and iris account for approximately 
three quarters of the world market (IBG, 2008; Most, 2009). The following table shows 
the coverage of biometric technologies by international security policy and the influence 
of security policy on market development. It shows that the influence of international 
security policy corresponds with coverage of technologies by international legislation. 
Firms that mainly sell technologies which are not supported by legislation do not
perceive a positive influence of security policy on their business.
Tab le  12: International security policy and biometric technologies
S ource: Field studies
T ech n o lo g y  / C overage  by in ternationa l 
secu rity  leg is la tion
In fluence on m arket d eve lo p m en t
Face + + *4“ -F-h-F
Finger + + + +
Iris +
Voice 0 0
Signature 0 -
Veins 0 0
How can this focus on three biometric technologies be interpreted? I found that 
international security policy does not only focus on these technologies; vice versa.
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security policy is mainly made by people coming from the public sector who have little 
interest in other application fields. This could also explain why the use of biometrics is 
mainly associated with security but not with convenience, which makes selling to the 
industry and in the consumer sector more difficult:
The industry [...] perhaps focused too much on the sovereign markets they could 
calculate. And in a certain way they ran into this trap over and over, to position it as 
a security feature instead of a comfort feature. (Firm 10)
This statement shows that the application of biometrics as a security technology and a 
rather technical discussion dominates the public perception of biometrics, whereas 
their potential to increase user convenience and speed of applications is of minor 
interest in public discussion. Only recently, firms have realised that this might be one of 
the reasons why biometrics have never entered the mass market:
Biometrics should not dramatically increase security: much more it is a secure and 
comfortable system which has less potential to fail than other systems. There is a 
comfort component involved. Biometrics is a comfortable system to be secure. 
Whether it is passport controls, door access, or some accessibility of machines, no 
matter what it is. It is not only security. (Firm 14)
In summary, the policy activities of supra-national institutions in the field of civil security 
exert a strong positive influence on German biometrics manufacturers selling to the 
public sector by regulating the use of biometrics in travel documents, in large-scale visa 
data bases, border control schemes and other governmental applications. This creates 
significant additional demand for biometric technologies in Germany and other markets, 
which is served by the German biometrics manufacturers as well as international firms. 
The results allow the conclusion that international security policy is a significant 
external, institutional success factor for German biometrics manufacturers. This 
supports the political economic theorists arguing that governmental policy is an 
essential institutional factor which contributes to or inhibits the emergences of new 
high-tech firms (e.g., Whitley, 2008; Casper, 2009), as well as strategic management 
researchers who have argued that factors in the wider external environment of firms 
may decisively influence firm success (e.g.. Porter, 2008). However, the literature must 
be added by the finding that such security policy is generated by international and 
supra-national institutions independent from the type of business system and are 
exerted similarly on coordinated and liberal market economies. Thus, international
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quasi-governmental security policy stimulates institutional convergence of different 
economies; however, overall institutional stability is preserved as the influence is 
industry-specific and governments have flexibility in implementing international 
regulations into national policy and infrastructure. Consequently, it has to be analysed 
what other external, institutional factors contribute to or limit the success of German 
biometrics manufacturers and which of them have particular roots in the German 
business environment. Furthermore, the data show significant intra-group differences 
as the influence on the success of firms selling to the private sector is only moderate. 
The field study reveals a technological intra-group difference as the influence of 
international security policy is limited to firms providing fingerprint, face and iris 
biometrics; however, as these technologies account for three quarters of the world 
market, the influence on the biometrics market is considerable. It would also be of 
academic interest to study the role of quasi-governmental international security policy 
in other industries in future.
5.2 Industry-specific Legal and Technical Rules: The Impact of
Standardisation
If you accomplish to create a standard, a technical standard, then you are the new
Microsoft, perhaps in the next ten years. (Firm 9)
The political economic literature suggests that coordinated market economies like 
Germany are characterised by a high level of non-market coordination instruments, and 
that standardisation is a typical instrument of non-market coordination in the German 
corporate governance framework and in the German industrial relations system (Vitols, 
2001; Hall and Soskices, 2001; Casper and Whitley, 2004). It has also been shown that 
the way standardisation is conducted in different types of market economy can exert 
significant influence on firms (Tate, 2001). Theorists have suggested that standards 
have a trust-building function between different the actors in the market (e.g., 
Bachmann and Zaheer, 2008). The assumption that technical standard-setting as a 
non-market coordination instrument has significant influence on firms’ business is 
supported by the results of the field study as well as secondary data. I have shown in 
the previous section that international security policy has initiated worldwide biometrics 
projects in the public sector. The data show that technical standardisation has been the 
instrument used by international policy makers to apply policy in practice and that this 
has strongly influenced the business of biometrics firms. According to secondary 
sources, ICAO has not only influenced the biometrics sector through policy initiatives; 
beyond that, it has also coordinated international technical standardisation (Ryan,
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2009). The technical report Biometrics Deployment o f Machine Readable Travel 
Documents and the standard Document 9303 (ICAO, 2004 and 2009) constitute the 
technical basis for all biometric applications using machine readable travel documents 
such as passports, visas and others (IBG, 2008). Since the ICAO also regulates chip 
data structures, reader technology and protection profiles to secure the data on the 
chip, ICAO similarly influences the market for complementary technologies such as 
semiconductors, cryptology, public key infrastructures, communication security, and the 
technical design of systems in a number of related markets (Broekhaar and Ashbourn, 
2008).
In close cooperation with the ICAO, the International Organization for Standardization 
(ISO) is concerned with general biometric standardisation issues (Ryan, 2009). 
Germany is represented at ISO by the Deutsches Institut fur Normung (DIN), which 
assumes the role the national German standardisation body transferring ISO standards 
in the field of biometrics into German standards (ISO, 2009; Ryan, 2009). Therefore, 
ICAO and ISO standardisation activities directly influence the business environment of 
German biometrics manufacturers and the path of technical development for their 
products. On the European level, the European Committee for Standardization 
(CEN) is involved in the European standardisation of biometrics (CEN, 2009). In 
summary, there is secondary evidence that standards as an institutional factor 
positively influence the business of biometrics manufacturers because such standards 
influence the design of products, infrastructures, interfaces, methods and 
organisational processes, which supports the literature review that international 
institutions exert influence on firms through the definition of industry-specific legal and 
technical rules (e.g., Tate, 2001; Casper and Whitley, 2004). The biometrics industry 
provides an example how international institutions positively influence the business 
environment of firms by evaluating technologies, defining standards and publishing 
recommendations for the use of biometrics.
Considering secondary data suggesting that technical standardisation essentially 
influences the biometrics industry, it needs to be analysed whether the empirical data 
support or refute this argument. At the beginning, it is of interest how many firms 
engage in standardisation groups. The following table shows that only 5 out of 16 
sample firms are engaged in standardisation while 11 firms told me that they are not 
active at all. I found that most firms from the private sector are not active in 
standardisation. In contrast, a//firms that are active only in the public sector or both in 
the public sector and the private sector do engage in standardisation.
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Table 13: Engagement of sample firms in international standardisation
Source: Field studies
Engagement in 
standardisation
No. of 
firms total
Firms selling to 
public sector
Firms selling to 
public and private 
sector
Firms selling to 
private sector
No engagement 11 0 3 8
ICAO 1 1 0 0
DIN 5 2 2 1 (formerly)
This supports the finding discussed in the prev ious section that standardisation has 
been used by international security policy makers to apply policy issues in practice. 
Assuming this, it is not surprising that industry firm s do perceive less influence of 
standardisation than firm s selling to the public sector. The analysis also shows that 
smaller firms have difficulties in providing the resources necessary to participate in 
standardisation.
The problem is that small businesses often don’t have the resources to fly to an 
ISO working group meeting to Tokyo or Honolulu, because it exceeds the capacity 
of smaller businesses, medium sized businesses. This is the main problem which 
often hinders us to really actively participate [...] the cost resulting from this are just 
not insignificant. (Firm 4)
In many terms, data patterns concerning the influence of technical standards are 
similar to the patterns regarding international security policy. Firms selling to the public 
sector confirm the literature and secondary sources that international technical 
standardisation plays an important role for firm success because standards provide the 
foundation for a more widespread use of biometrics.
Standardization in the biometric environment, for example standardization of 
templates, is forming the actual basis for a widespread usage. (Firm 10)
For firms selling to the public secto r, the use of standards is an instrument to increase 
turnover and profit because standards facilitate la rg e -s c a le , international use of 
biometrics technologies in public sector applications such as border control schemes. 
Accordingly, the German standardisation institution DIN has itself initiated 
standardisation activities on the international leve l, which were then transferred to ISO 
standards. For e x a m p le , German biometrics manufacturers have introduced fingerprint 
exchange formats to international s tan d ard isa tio n , e.g. DIN 66400 on fingerprint 
template formats.
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The data also indicate that American standards play an increasingly important role for 
German biometrics firms as public sector customers more and more require 
compliance with those standards. This is echoed in the field data, mainly relating to 
standards of the National Institute of Standards and Technologies (NIST). One 
example for a commonly used NIST standard in the biometrics business cited by 
respondents is the Federal Information Processing Standard (FIRS) 201 standard for 
Personal Identity Verification (PIV) of federal employees and contractors. The NIST 
also runs evaluations according to these standards such as the Minutiae 
Interoperability Exchange Test (MINEX) where German biometrics manufacturers take 
part. These NIST standards are certified by the FBI. According to respondents, 
requests for FBI (i.e., FIPS and PIV) standard compliance in public sector projects 
have increased significantly in 2011.
Firms selling to the public sector note that standards are also useful to keep low-tech, 
low-price vendors out of the business and protect high quality products that comply 
with international standards in the market.
With this respect it is very good because then we accomplish it against the No- 
Names or the ones who really have sub-standard quality and only sell over price 
[...] in the very beginning everything was purchased over pricing, because of the 
lack of knowledge, and then it did not work. And then they said; “Biometrics is in 
the early stages of development". This was not the case. There is biometrics which 
is working, and there is biometrics which is not working. And those standards help 
with that. (Firm 12)
This statement is reflected from the opposite direction by firm 16 that would be 
interested in certification but is not able to raise the required financial means. Although 
this firm is not a low-tech vendor this confirms the perception of respondent 12 that 
standards protect established, certified vendors because only they that are able to bid 
in large-scale public sector projects. Indeed, firms need to decide whether the effort to 
comply with comprehensive standards is worth the time and money in relation with the 
expected returns.
Secondary data suggest that there is a strong intra-group difference regarding the 
necessity of standards. Although some of the standards discussed here are also 
relevant in the private sector, for example, ISO and ANSI template standards as well as 
programming interface (API) standards, most industry customers, however, do not 
attach great importance on standards compliance. While the international community 
has engaged in activities to increase interoperability of biometric templates, interfaces.
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data exchange formats etc. for usage in open public sector systems where data 
exchange is essential and requires the agreement on standards (Bromba, 2010). 
Accordingly, primary data show that the influence of standardisation depends on 
whether the system is installed locally or at distributed locations. Firms that sell open 
systems with changing user groups and data exchange with other systems need to 
consider standards. Therefore, ISO standards are mostly applied in large governmental 
projects with changing users and installations at different locations, or cross-border 
application scenarios such as national e-passport and border control schemes, which 
must rely on international standards to enable reading of passports from different 
countries at borders. It is in the mutual interest of government to establish standards on 
data formats, storage technologies, security protocols and certificate exchange 
procedures. Therefore, international standardisation has become critical for firms 
selling biometric products in the public sector, which has resulted in certification 
requirements and public testing events as discussed above.
In contrast, such requirements do not exist in the private sector, and there is less 
interest for biometric standardisation in business and consumer applications. Bromba 
(2010) underlines that standardisation can even increase the vulnerability of biometric 
systems because it is more attractive to attack a worldwide standard than a single 
proprietary system. Even more, if a standard is compromised, this will affect many 
systems at once while a compromised proprietary system is a more minor issue. 
Accordingly, primary data show that most industry projects rely on proprietary 
technologies, e.g. biometric core algorithms in the private sector remain proprietary. 
Customers often even demand proprietary technologies or easily accept a vendor 
using them because they might provide additional features, higher performance and 
other advantages compared to standardised technologies, as firm 3 argues. Indeed, 
standards are often the least common denominator in a discussion process between 
differing interest groups. For example, the ICAO standard for facial images in e- 
passports is a compromise because it defines JPEG 2000 compressed images as the 
standard format, which can be read worldwide but contain less information than a facial 
template. This finding is supported by Bromba (2010) who notes that standardisation is 
no guarantee for higher performance, as proprietary systems are often tuned to a 
particular scanner and a particular algorithm, which facilitates better performance than 
a standard that has been created as a compromise of different vendor’s interests and 
technical components. The argument that proprietary technologies do provide 
advantages in the private sector is supported by the field data:
89
We are doing this different. It is proprietary [...] but you also have the security that 
you need in your company. Once you engage in a conversation you can m ake your 
mark by saying: “This is exactly what we do not do. The sensor is capable of it, it 
does have an EAL4+ or whatever certification, but nonetheless we do not use 
JPEG . W e have XY-coordinates, tem plates are created. They cannot be used for 
other purposes, neither calculated forward, backward, or anything else [...]." If you 
engage in the conversation with the people responsible for the project and point 
out these things you will win way more than telling them: “Oh yes, I am compatible 
and I can exactly do that," that’s just my experience. (Firm 6)
Firm 14 adds another aspect to the discussion on the different role of standards in both 
market segments when stating that in private sector nobody was interested in 
standards as more standardisation would put pressure on prices and margins and ease 
the exchange of vendors by customers:
I don’t know -  if we would create a unified template for all sensors, no matter which 
manufacturer -  if the biometrics quantities would rise. I would doubt that. Also in 
this respect you take the risk that the price would be dropped further and hence the 
margin which you could achieve would not be achieved. (Firm 14)
Indeed, standards make the market more transparent and enable customers to 
compare prices. Proprietary technology ties a customer to a manufacturer due to high 
potential switching costs. Therefore, proprietarity may be advantageous for biometrics 
vendors. As firm 7 notes, firms in other industries like Apple and Sony have given 
examples how to create proprietary platforms and earn money through licenses and 
royalties. Apparently, proprietarity can have positive effects on business performance; 
however, the use of standards makes customers more independent from 
manufacturers, as firm 15 noted. Other respondents consistently argue that standards 
may imply disadvantages in terms of security. Not only that systems based on
standards are a more attractive target for intrusions as, they may also be more easily
attacked because standards are often the least common denominator in terms of 
security. I follow the argument that standardisation brings advantages for 
exchangeability but may raise the risk of potential attacks.
There are also a lot of disadvantages from these standards, namely the publicity,
they are easier to deceive, easier to imitate. (Firm 13)
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To overcome this, standardised data can, for example, be encrypted but then the data 
is more difficult to exchange, which is opposite to the idea of standardisation. I 
conclude that there is a target conflict between standardisation and security. This target 
conflict can only be overcome by large, internationally standardised security 
infrastructures and frameworks that make data exchangeable and, at the same time, 
establish the highest security standards, as it is the case with fingerprint data in e- 
passports. However, this raises costs and makes such solutions commercially less 
attractive, if not impossible, for smaller industry and consumer sector applications. 
According to the field data, this is a plausible explanation why the public and the private 
sector show different perceptions regarding the influence of standards -  they simply 
put different emphasis on targets like security, costs, standardisation and 
exchangeability.
In addition to that the data indicate that standards may also exert a negative 
Influence on firm success when they prescribe the use of certain technology and by 
this means prohibit alternatives. The more concrete standards opt for a certain 
technology, the more others are excluded from the market. For example, respondents 
also perceive a clear negative influence of existing standards on signature biometrics. 
The ICAO standards define signatures only as visible feature (a static image) but not 
as biometric feature (using the dynamic characteristic of a signature). Thus, signature 
biometrics were segregated from the public sector as they were not included in the 
legal framework and could then not be tested in reference projects. A comparable 
example is provided by firm 5, although in a different technology field. This firm 
provides touchless fingerprint scanners that do not require users to touch the surface of 
the scanner as it is the case with standard-compliant fingerprint scanners. 
Respondents argue that the technical guideline TR-03104 on the enrolment, quality 
assurance and data exchange for e-passports has based requirements for fingerprint 
scanners on existing touch-based sensors. Vendors that develop touchless scanners 
have difficulties to comply with this guideline and are excluded from the market, 
although their technology is not performing “better” or “worse”. This perspective is 
supported by firm 12 raising the same issue regarding this technical guideline and 
arguing that narrow standards can even be a barrier for international success of 
German biometrics firms. This link to the previous section on international security 
policy is as well echoed in the statement of firm 10:
The standards help in any way. Technical guidelines referring to a single process
or certification requirements, which are set rather high, could potentially under
certain circumstances be inhibiting factors on the market. (Firm 10)
91
I found that the abundance of standards can constitute a market barrier. This is 
illustrated by the example of standards for technical failure rates. Although there are 
commonly used failure rates such as the False Acceptance Rate (FAR), there are no 
official standards how to measure and compare such failure rates and what rate is 
acceptable. Since every human being is physically different and shows a different user 
behaviour, the vast number of potential factors influencing the performance of biometric 
systems makes it difficult to discuss statistical failure rates. Therefore, firms find it 
difficult to argue against publications claiming that the failure rates of biometric systems 
are too high, and some respondents would prefer an official standard describing these 
rates. The following table illustrates the influence of standards perceived by firms in 
different market sectors providing different technologies.
Table 14: Influence of standards by technology and market sector
Source: Field studies
Market sector / 
Technology
Public sector Private sector Consumer sector
Face +++ 4" 0
Finger 4-4" 4" 4- 4- 0
Iris 4" 4" 4- 0
Voice 0 0 0
Signature - 0 0
Veins 0 0 0
In summary, the field study supports the varieties of capitalism literature that technical 
s ta n d ard -se ttin g  is used as a non-market coordination instrument in Germany, which 
exerts significant positive influence on firms (Tate, 2001; Casper and Whitley, 2004). In 
addition to that, there are two patterns which are specific to the biometrics sector. First, 
the influence of international technical standardisation is equally exerted on different 
types of market economies because it is exerted on firms worldwide by international 
institutions, and is not caused by particularities of the German business system. The 
data show an intra-group difference insofar as standards exert a significant influence 
on firms selling to the public sector but only moderate influence on firms selling to the 
private sector. Several firm s selling to the private sector perceive proprietarity as 
advantageous because proprietary technologies tie customers to vendors. Those firms 
also argue that proprietary technologies may contain more information and show higher 
performance, and have a lower risk of being attacked as compared to worldwide 
standards because standards are often the least common denominator. Accordingly, 
firms selling to the public sector are more often engaged in standardisation groups
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because they have a vital interest to participate in the development of technical 
standards that influence their economic success.
Another contribution to the institutional literature on the role of standards in the external 
firm environment is that standards can be a market barrier for firms if they prescribe 
certain existing technologies and inhibit other technical solutions serving the same 
purpose. Similarly, the perception of the advantages and disadvantages of standards 
depend on the level of standard-compliance of the sample firm. While standard- 
compliant firms perceive standards as a useful instrument to distinguish “high-tech” and 
“low-tech” firms, non-compliant firms often perceive standards as an instrument used 
by other market participants as an entry barrier.
I conclude that technical standardisation is an institutional factor which exerts 
significant positive influence on biometrics manufacturers selling to the public sector 
but only moderate positive influence on firms selling to the private sector. The data also 
suggests that standards have a trust-building function between different actors in the 
market, which contributes to the body of literature on trust in inter-organisational 
relationships (e.g., Bachmann and Zaheer, 2008).
5.3 National Governmental Policy
As a matter of fact a lot has been done in the direction of creating basic regulatory
measures and the legal fundamentals for the use or application of such procedures
[...]. (Firm 10)
The coordinated German market economy has been associated with a number of non- 
market coordination instruments, one of which is governmental policy (Casper and 
Whitley, 2004). It has also been pointed out by previous researchers that a supportive 
governmental policy is critical for the growth of high-tech industries in coordinated 
market economies (e.g., Casper, 2009). This is echoed in the strategic management 
literature, e.g. by Porter’s (2008) argument that the government “operates through 
many different policies, each of which will affect structure in different ways” (Porter, 
2008:10). In chapter 4 and the previous sections I have applied this concept to the 
biometrics sector and showed that the international business environment of biometrics 
is characterised by political interests, which are mainly expressed through international 
security policy and standard-setting. In this section I discuss what the field study and 
secondary data reveal regarding the influence of national governmental policy on 
biometrics firms and how such policy influences firm success. I start with the discussion 
of national security policy, followed by sectoral technology policy.
93
5.3.1 National Security Policy and Technical Certification
According to secondary sources, the German biometrics industry provides an example 
supporting the political economic theorists who argue that governmental policy is 
critical for firm success. Following a parliamentary analysis of the potential use of 
biometrics in identification documents (Petermann, 2004), the German Ministry of 
Interior and their subordinated authorities have initiated the deployment of biometrics to 
German travel documents (e.g., BMI, 2009). Although these initiatives have roots in 
international requirements as reviewed and discussed above, the German government 
has considerable freedom to arrange the details of national implementation and has 
often gone beyond international requirements. The Federal Office for Information 
Security (BSI) is not only responsible for the technical definition of electronic passports 
and ID cards, which is a part of the German E-Card Strategy, they also certify 
biometrics suppliers according to technical and organisational criteria. Federal 
authorities also influence the market by creating demand with own technology projects 
such as biometric border control (Nuppeney, 2009). One of the largest governmental 
projects has been the deployment of biometrics to the new German ID card 
(Bundesregierung, 2010).
Sample firms selling to the public sector clearly confirm the patterns which have 
emerged from the secondary sources. They agree that political decisions have 
influenced the biometrics business significantly and that national security policy has a 
positive influence on firm success. For example, firm 12 states that media interest in 
biometric technologies has increased rapidly after the terrorist attacks on 9/11/2001. 
Firm 4 supports this perspective and has perceived a strong positive influence of 
German security policy, particularly the e-passport scheme as well as other public 
sector projects. These programmes did not only create additional market demand, they 
also made citizens more common with the use of biometrics, which prepared the 
ground for future biometric applications. In addition to that, the introduction of e- 
passports has been the trigger for a biometric-based biometric border control scheme. 
Although this programme has not yet been fully implemented, biometric firms selling to 
the public sector will benefit from that scheme. The influence of national security policy 
is comparable to the influence of international security policy, and both are 
interdependent as Germany has contributed to international policy processes and later 
adopted the outcomes into national policy, legislation and certification requirements, as 
argued in the previous section.
The data also point to another pattern, which is the engagement of former 
governmental representatives engaged personally in the biometrics business. The
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most prominent example perceived by respondents is the former German minister of 
the interior Otto Schily who became shareholder of Safe ID, a firm that provided e- 
passport solutions. Irrespective of the fact that this firm went into insolvency in 2011, 
this case confirms the secondary sources stating that the transfer of personnel 
between politics and industry is a strong market driver in the security technology 
business. Although this kind of transfer is less common in coordinated than in liberal 
market economies, respondents perceive tendencies that this kind of transfer will 
become more typical in Germany than it used to be. The example also shows that 
societal and technical developments to a large degree depend on a few key persons 
which can stipulate or inhibit large-scale market developments.
Similar to international security policy and certification, the influence of national policy 
is relatively strong in the fields of face, fingerprint and iris recognition but significantly 
weaker in the field of other biometrics. For example, the g o v e rn m e n t's  focus on these 
three technologies has delayed the market entry of signature biometrics because 
lobbyists and legislators did focus in other technologies, as discussed above.
The private sector displays a different picture. Here, security policy, legislative 
initiatives and biometric programmes do not play a significant role but there are other 
conditions in the legal framework that influence firms. As reviewed in chapter 2, the 
coordinated German industrial relations system is characterised by the delegation of 
bargaining rights from firms to central institutions such as unions, which are 
complemented by works councils at the corporate level (Casper, 2000; Hall and 
Soskice, 2001). In this context, codetermination has been referred to as one of the 
fundamental pillars of German industrial relations (Deeg, 2005). Against this 
background, it is remarkable that sample firms perceive codetermination as a barrier 
for the use of biometrics in the private sector.
With this respect our general business is depending on legal provisions and how
the companies themselves deal with their employee organisations and employees.
This is even more rigorous in biometrics. (Firm 6)
Firms selling access control and time management systems to customers in the private 
sector argue that co-determination plays an important role because the use of 
biometric technologies in employee-related applications is subject to co -d e te rm in a tio n  
according to the Works Constitution Act (Betriebsverfassungsgesetz, BetrVG). 
Therefore, most firms selling to the private sector agree that c o -d e te rm in a tio n  erects a 
high barrier for biometric applications in the industry and often inhibits such projects. In 
sectors where unions are traditionally strong, e.g. the metal industry and the
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automotive industry, co-determination has such influence that respondents state these 
sectors are practically closed for biometrics due to the worker’s union’s critical opinion 
of biometrics.
The data produced a diverse picture concerning the status of the legal framework 
regarding the use of biometrics in practice. Whereas some respondents state that the 
legal situation regarding the use of biometrics was still unclear, others told me that the 
most important issues were solved; yet there was a gap concerning the realisation of 
biometrics projects. This gap could be the result of the poor public acceptance of 
biometrics.
[...] we are actually in an implementation gap. That means [...] the technologies 
are ready, with regards to the sensors as well as the algorithms [...]. The formal 
guidelines for the application, for example the labour law related question, data 
protection questions are actually outlined for the most part and answered or 
solved. [...] The technical integration of biometrics in identity and access 
management systems is guaranteed or can be viable. It is my personal opinion, 
that we [...] primary are facing an acceptance problem, because a lot which has to 
do with biometrics is linked with forensic criminal identification of people. (Firm 10)
Although the influence of national legislation in the field of co-determination exerts a 
negative influence on biometric firms, there are other examples where national 
legislation has positively influenced the biometrics market. Over several years, the 
German government has worked on an amendment to the existing weapons law to 
tighten the rules on the storage of weapons and increase the barriers to obtain access 
to weapons. In this context former German minister of interior Wolfgang Schauble in 
2009 announced (FTD, 2009) that the new law would oblige manufacturers of weapon 
lockers to equip lockers with biometric access control. The amended Weapons Law 
(Waffengesetz) in §36 empowers the German Ministry of the Interior to define the 
technical security requirements for arm lockers, and the use of biometric security 
systems is explicitly mentioned as one of the possible security measures (BMI, 2009b). 
Although the German government substantiated the Weapons Law by means of the 
Genera/ Adm/n/s/raf/ve /?egu/a//on on //?e Weapons Law (A/Zgeme/ne 
Verwaltungsvorschrift zum Waffengesetz, WaffVwV), which came into effect in March 
2012, the right to define biometrics as a mandatory technical measure to protect 
access to weapons has not been exercised in this regulation. Nevertheless, this could 
still happen in the future. If weapon lockers or guns were to be equipped with 
biometrics, this would initiate a large new market for biometrics manufacturers, and it
96
would be one of the first nation-wide applications in the consumer sector. According to 
firm 2, the expected market size for this application is about 2 million gun lockers in 
Germany. This supports the overall argument that the biometrics manufacturers are 
influenced by national legislation and shows that legislative initiatives do even support 
the success of biometrics firms in the private sector, though on a moderate scale 
compared to the public sector.
The field data revealed that technical certifications are a logical consequence of 
national security policy and standardisation, aiming to execute security policy in 
practice and to examine whether firms comply with standards. I decided to analyse this 
pattern because several respondent mentioned in the interviews that certification 
processes and certificates were of high importance for their business. The data also 
suggest that the requirement of standard compliance is followed by testing and, if 
compliance is approved, by certification. In Germany, this role is assumed by 
organisations such as Fraunhofer Institute for Applied Optics and Precision 
Engineering (IGF) and the TÜV-IT. Particularly, these institutions assess compliance 
with the BSI’s technical guidelines {Technische Richtlinie, TR) such as TR 03104 
Production Data Enrolment, Quality Assurance and Data Transmission for E-Passports 
(BSI, 2010) with its Annex 1 Quality Requirements for Enrolment and Transmission of 
Facial Images as Biometric Characteristics in Electronic Passports and Annex 2 Quality 
Requirements for Enrolment and Transmission of Fingerprints as Biometric 
Characteristics in Electronic Passports, as well as TR 03121 Technical Guideline 
Biometrics for Public Sector Applications (BSI, 2011) that reflect ISO and ICAO 
standards. Depending on the standard, certification covers hardware like fingerprint 
scanners as well as software like biometric quality assurance tools.
Respondents agree that the certification requirements of the BSI influence the business 
of German biometrics manufacturers in the public sector by supporting or impeding 
certain technical developments. Certification is perceived by firms as a success factor 
in the public sector, and this finding is independent from the biometric technology. 
Nevertheless, certification requirements exert a negative influence if they suppress 
alternative technologies that would be suited to serve the same purposes, as discussed 
in the context of technical standardisation. Firm 5 failed in the certification process for a 
contactless fingerprint scanner in 2007 because the technical guideline TR 03014 had 
been created for contact fingerprint scanners. Although contactless technology is a 
different way to come to comparable results, the narrow definition of the technical 
guideline made a certification impossible. As a result, this firm has never been 
considered as a supplier for large-scale public sector projects. Following the firm’s 
application for certification, the process took several years and finally failed. In addition
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to the business insecurity created during that time period, certification is also a 
significant cost factor. The firm’s insolvency shortly after the interview was conducted is 
at least partly a result of the failing certification. In contrast, issued certificates protect 
the manufacturers who are already certified because cost and time intensive 
certification functions as a market entry barrier in the sense of Porter (2008). Firm 16 
noted that in order to achieve certification and be able to sell to the public sector firms 
would be required to invest another 50% of the entire development costs.
Beyond these considerations I found that certificates have a trust-building function 
because they reduce uncertainty of potential customers regarding the biometrics firm. 
They ensure customers that the firm’s product complies with technical and quality- 
related standards and are an assurance for customers that the purchased product is 
known and tested, which reduces the risk for decision makers with limited technical 
knowledge in sourcing and procurement processes.
In the private sector, standards and certifications play a less significant role, and high 
quality and trouble-free product are more important than standard-compliant ones. 
Certification is not only of little importance for customers, firms consider certification a 
cost driver, which may even double overall development costs of a product. In addition 
to that, German standards are less important for firms that are mainly active 
internationally. Depending on whether they are active in the public or in the private 
sector they either aim for compliance with international standards or sell proprietary 
solutions.
In summary the influence of national security policy and legislation on the commercial 
success of German biometrics manufacturers is comparably high as the influence of 
international security policy and legislation. Both primary and secondary data confirm 
the literature that a supporting governmental policy is essential for the success of new 
high-tech firms fin a coordinated market economy (e.g. Casper, 2009); however, it is a 
new contribution to the body of knowledge that the supporting effect does not emerge 
from the constitution of the national institutional framework but is the result of supra­
national and international initiatives. Moreover, security policy is a different kind of 
policy than sectoral technology policy, which has been in the focus of previous 
researchers (e.g., Vitols, 2001; Casper, 2000), and the interests of government in both 
fields of policy a rather different from each other. We can conclude that, in addition to 
what previous studies have revealed in the case of national sectoral policies, the 
positive influence of governmental policy can as well be the result of international and 
supra-national policy elements, such as security policy. Considering intra-group 
differences, the influence of national security policy on commercial success is mostly 
limited to firms selling to the public sector, while firms selling to the private sector
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perceive little influence of national security policy and legislation. Nevertheless, the 
example of the new German Weapons Law suggests that public sector policy and 
legislation can, in selected cases, also positively influence the business of firms active 
in the industry and in the consumer sector.
Another contribution to the literature is the influence of certifications processes and 
certificates on high-tech firms such as the German biometrics manufacturers. While 
previous researchers have studied the role and influence of technical standard-setting 
(Tate, 2001), the influence of certificates has not been studied comparably. Certificates 
are not only the practical application of technical standards; they also have a trust- 
building function as they assure customers and business partners customers that a 
firm's products comply with quality expectations. Certification processes and 
certificates are a means for authorities to influence technical developments in a desired 
manner, and therefore also a potential instrument of national industrial policy in 
international markets; however, this instrument is not yet used by German authorities 
with great intensity. Similarly to standard-setting, the influence of certificates is limited 
to firms selling to the public sector; even though the data suggest that standard 
compliance might become more relevant in the private sector in future.
5.3.2 Sectoral Technology Policy
If I will pull the various announcements about innovation policy from my desktop for 
the past twelve years [...] or even from the coalition agreement in 2009 and then 
look at the implementation, it will just be a series of disappointments. (Firm 11 )
I have concluded in the literature review that the coordinated German market economy 
has been associated with a number of non-market coordination instruments (Vitols, 
2001; Casper and Whitley, 2004). Whereas the literature could be confirmed in the 
previous section regarding the role of standard setting, it has not been discussed 
whether the German biometrics sector is as well characterised by state supported 
technical development. Similarly, it has been suggested in the literature that different 
business systems tend to produce different types of innovation and that the German 
business system typically produces incremental, system-related instead of radical, 
consumer-related innovations (Whitley, 2000; Vitols, 2001). Yet previous research has 
also suggested that radically innovative high-tech firms like the biometrics 
manufacturers can emerge in a coordinated market economy if this is supported by a 
focused governmental sectoral policy (Casper, 2000 and 2009). Against this 
background, this section discusses the field study’s results concerning the role of 
sectoral policy in the German biometrics industry and its influence on firm success.
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One of the clearest patterns is the firms’ dissatisfaction with the limited sectoral 
engagement of government and agencies in the field of biometrics. Although secondary 
sources report on certain policy-related activities, the following table shows that 6 out of 
9 respondents from firms selling to the private sector perceive no influence of these 
activities on their business. Of the 7 firms selling to the public sector or both sectors, 4 
perceive only limited support or no support.
Table 15: Influence of sectoral policy by market sector and firm size
Source: Field studies
No su p p o rt L im ited  su pp o rt S trong  su pp o rt
F irm s se llin g  
to  pub lic  
s ec to r
■ No mentions ■ Very small: 0 
" Small: 1
■ Middle: 0 
" Large: 0
■ Very large: 0
■ Very small: 0
■ Small: 0
■ Middle: 0
■ Large: 1
■ Very large: 0
Firm s se llin g  
to  p ub lic  and  
private  s e c to r
■ Very small: 1
■ Small: 0
■ Middle; 1
■ Large: 0
■ Very large: 0
■ Very small: 1
■ Small: 0
■ Middle: 0
■ Large: 0
■ Very large: 0
■ Very small: 0
■ Small: 1
■ Middle: 0
■ Large: 0
■ Very large: 1
Firm s se llin g  
to  p rivate  
se c to r
■ Very small: 3
■ Small: 2
■ Middle: 0
■ Large: 1
■ Very large: 0
" Very small: 3
" Small: 0
■ Middle: 0
■ Large: 0
■ Very large: 0
■ Very small: 0
■ Small: 0
■ Middle: 0
■ Large: 0
■ Very large: 0
Even though firms selling to the private sector do not perceive an explicit sectoral 
policy in the field of biometrics, they would appreciate such initiatives. The lack of a 
clear supporting sectoral policy and subsequent activities is perceived as a negative 
influence by sample firms. Although firms do acknowledge the governmental aim to link 
development, implementation and users, they perceive a lack of follow-up support 
when research programmes are finished. Some respondents perceive the current 
sectoral policy instruments as a rather ‘formal’ support. Similar to the literature, smaller 
firms claim that most research promotion programmes are designed for larger firms. 
Small firms either have difficulties to win such projects at all, or have difficulties to 
comply with the high administrative efforts required, e.g. application, documentation, 
reporting etc. Often it is a considerable challenge for small firms to launch a research 
promotion project at all because they are not able to raise the required co-financing 
resources.
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[...] to be able to access research funding is not feasible for small or middle sized 
companies because the expenditure, the administrative expenditure, the 
documentation, are just blown out of proportion. And the funding for this is just not 
available. (Firm 14)
According to sample firms, authorities tend to talk with larger firms, whereas small firms 
are rarely heard. Therefore, respondents see a need for programmes for small firms. 
Although the pattern is more positive in the public sector, even firms selling to the 
public sector perceive limitations in agency support. They argue that research 
promotion policy in the field of biometrics has not changed after 9/11, except for the 
2010 research promotion call in the field of biometrics by the federal ministry of 
research (BMBF). Respondents add that this call was a positive activity but did not 
have a sustainable, supporting effect on firms.
[...] in comparison to other countries it is still not very much. And the reason is our 
mentality, not only the politicians, but also the people. Sometimes we stand in our 
own way, trying to always question everything. And, like I said, there is this 
example, when the A380 is transported through a village in France and everything 
is put on hold, the entire traffic, all the cars, everything comes to a standstill, 
everyone will be looking out of their windows and applaud, and in Germany you 
would consult the police, your attorney [...] And that is how we are, and we need to 
live with it and try to make the best of it. (Firm 12)
Nevertheless, secondary data shows that the German government has supported the 
biometrics sector with several test and evaluation projects, such as BioFinger, BioFace, 
BioP I and BioP II (BSI, 2003 and 2004; TeleTrusT, 2006). In addition to that, the 
Ministry for Education and Research supports research and development through 
research promotion programmes (BMBF, 2010), e.g. the call for biometrics research 
proposals in February 2010 (VDI, 2010). At first glance, this might be an indication that 
governmental technology policy has encouraged the establishment of innovative 
technology industries and entrepreneurial start-up firms in Germany as suggested by 
Casper and Whitley’s (2004). At second glance, these test and evaluation programmes 
did not have a sustainable effect on the industry because they were not continued after 
2005. Accordingly, several respondents call for a renewal of these programmes as an 
instrument of sectoral policy. The field data does also show a differentiated picture in 
terms of research promotion programmes. Research promotion does not focus on 
biometrics; instead, it spreads over the broader field of civil security, which includes 
different technologies and industries. According to the field data, this prevents a more
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focused promotion of biometrics. Most programmes are rather general, being either 
designed for a specific type of firms, e.g. the Federal Ministry of Economics and 
Technology’s programme for innovations in SMEs (Zentrales Innovationsprogram 
Mittelstand, ZIM) or they aim at broader technology fields, e.g. the Civil Security 
research programme of the Federal Ministry of Education and Research (BMBF).
Innovation funding has moved into the foreground very much in the last couple of 
years, especially in light of the security topics and security relevant technologies, in
essence since September 11th. [...] It is spread to very many or very wide to 
various technologies. This means, in order to revert to the topic of biometrics, it is 
not a strict support of, for example, biometric technology, or other individual 
technologies, but there are general questions of security technology or protection 
of systems, protection of people, but also [...] the risk analysis of food. (Firm 10)
The only exception where the biometrics sector was promoted directly has been the 
BMBF’s biometrics call in 2010, which was a sub-programme of the civil security 
research programme. This was the first and only German research promotion 
programme ever that exclusively aimed at biometrics; however, this was a singular 
activity with little long-term effect on firm success. Although several firms participated in 
the 2010 call, the proposals of most sample firms were rejected. Respondents criticise 
that it was hardly possible to receive detailed information why the proposal was 
rejected. After this unsuccessful participation in the only biometrics research promotion 
programme that has ever been established in Germany, several firms concluded that 
there is neither a policy-related nor more operational support by authorities for German 
biometrics manufacturers. Concluding, the data suggest that an explicit sectoral policy 
for biometrics does not exist.
The criticism of respondents is echoed by secondary sources. The German ITC 
industry association BITKOM criticizes a lack of coordination among authorities 
(BITKOM, 2009 and 2009 c). For example, the Ministry of Economics also initiates and 
promotes projects in the civil security sector. This results in overlapping responsibilities 
and coordination problems. Small and medium-sized firms have difficulties in taking 
advantage of official research promotion programmes due to the fragmented research 
promotion landscape and the high administrative efforts required to apply for the 
programmes. Documentation and control requirements are also quite formalised and 
the usage of results is handled rather restrictive (BITKOM, 2009), which supports the 
field data as discussed above. This criticism is shared by a study on the market 
potential of security technologies conducted by the German association of Engineers
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(VDI) on behalf of the Ministry for Education and Research, concluding that small and 
medium-sized firms have administrative and organisational difficulties to participate in 
official research programmes. It also points out that the transfer of project results into 
marketable products is still not successful (Künzel et al., 2009). A similar conclusion is 
drawn by BITKOM when stating that the official research promotion programmes often 
do not reach SMEs, and that better coordination of innovation policy and research 
promotion among authorities as well as more transparency could increase the 
effectiveness of German research promotion.
The data also reveal that respondents' perceptions regarding governmental sectoral 
policy depend on political opinions on the necessity and the role of such policy. For 
example, firm 7 told me that governmental technology promotion was a form of 
subsidy, which were counterproductive for the industry. The same argument is 
provided by firm 14 which questioned the necessity of such policy. Notwithstanding the 
question of reasonability and legitimation of sectoral policy, the ability of government to 
influence the market through legislation was not questioned by any firm.
Is the State authorized, or should the State be involved in things, which are actually 
solved by market economy? I would be very careful with that. However it is beyond 
dispute that the State has influence on the market through legislation. (Firm 14)
Other respondents defend the idea of governmental support of biometrics firms, 
particularly from the perspective of German security interests:
But on the other hand such technology is very, very important for the State. And 
the State should have an interest in such a technology [...] and that it should 
remain in German hands under certain circumstances. (Firm 12)
A possible explanation for the absence of a more concrete sectoral policy in the field of 
biometrics is that the biometrics sector is too small for an own sectoral policy. As I have 
shown in the methodology chapter the German biometrics industry is a small and 
specialised industry. This is backed by firm 10 arguing that the German biometrics 
firms form a small group within the civil security sector and that a particular biometrics 
policy was not necessary. Quite the contrary, one could argue that biometrics is still a 
niche topic in Germany because it has not been promoted like in other countries, and if 
it would be promoted the industry would grow and create more commercial value. It is 
difficult to tell here what is cause and effect but it appears to be a ‘vicious circle' for the 
small German biometrics firms. Irrespective of this discussion, the majority of
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respondents agree that there is neither an explicit sectoral policy nor focused research 
promotion for biometrics in Germany.
In addition to the discussion of sectoral policy by the German government and federal 
authorities, I found that some sectoral instruments are provided on the federal state 
level. For example, firm 15 received financial support by the Investment and Structural 
Bank Rhineland-Palatinate (Investitions- und Strukturbank Rheinland-Pfalz) to develop 
a new fingerprint scanner technology. Although this clearly supported the firm on its 
development path it was yet difficult to receive follow-up support to bring the products 
on the market after the credit had ran out. This illustrates that similar to the federal 
level, federal state promotion of biometrics is limited to relatively isolated activities 
lacking a holistic sectoral policy approach.
Beyond the criticism, the data provide concrete information how such sectoral policy in 
the field of biometrics could comprise. The data suggest that it should organise 
strategic, political and financial support of German biometrics firms by authorities both 
on the national and federal state level:
This means we also have to orientate ourselves towards Berlin and that the 
political flanks are covered and we are being noticed and that we are known, so we 
can act [...] using the political flank when necessary, and not when it is too late.
(Firm 12)
Although respondents share the opinion that the government should not too intensively 
interfere with the market they yet expect that the government should have an interest to 
keep German security technologies in German hands. Even market-oriented managers 
agree that national security interests may overlay economic aspects.
And this would be a recommendation, to sit down in a dedicated place, and for the 
government to make a statement: „We want to fight for it, that the three, four 
companies will keep existing and won't disappear from the market or are being 
sold to some internationals." (Firm 5)
Beyond the strategic level, practical outcomes of the engagement of authorities are 
mainly expected in three fields, which are research and development, customer role, 
and export promotion. In terms of research and development, firms call for higher and 
more regular governmental investments in biometric research and development. 
Instead of a single biometric research call firms demand a separate research promotion 
programme for biometrics. This programme should focus on SMEs and promote basic 
or applied research which is then transferred into market-ready products.
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Financial means need to be made available. Not just once in ten years -  money 
has to be invested every year, also from the public sector, to conduct fundamental
research. And of course from private investors who invest in biometrics firms. (Firm 
9)
In this context, the assignment of concrete research and development tasks to the 
industry by public authorities would reduce the risk of market failure. Beyond research 
and development, firms address that they expect a more active customer role of 
authorities. Firms expect not only moral and political support; rather, they seek 
support in terms of concrete reference projects initiated by the government and 
authorities. This includes the implementation of biometrics in administrative processes.
A reference in your own country is very important. That is most often the 
customer’s first question: Where do you have this? Do you have this in your 
country? And if you start [...] to explain about the German mentality and so on, 
then you are already in a defensive position [...] this is a political problem. We beat 
it to death in politics and don’t give anything a chance to develop. (Firm 12)
[...]
We would like to have more references in our own country. And that is something 
that is close to my heart. And that all those standards which are developed here 
would be better known internationally and are not just used in our own country.
(Firm 12)
The third pillar of a sector policy in the field of biometrics could be export promotion. 
Sample firms argue that they need support in international markets, e.g. by 
promoting Biometrics made in Germany as a quality label. Additional supporting 
activities could be joint business delegation journeys, customer contacts via embassies 
and placement of foreign delegations at German firms. Authorities could also place 
concrete requests from abroad at German firms, or establish a pool of firms and their 
expertise to answer requests. These activities could be the basic pillar of a future 
sectoral policy in the field of biometrics.
In summary, the literature can be confirmed insofar as it is evident that sectoral 
technology policy is an external, institutional factor that has a significant influence on 
the business of firms in knowledge-based high-tech industries (e.g., Whitley, 2000; 
Casper, 2009). Nevertheless, whereas the literature could be confirmed in the previous 
section regarding the institutional influence of standard setting (Tate, 2001; Casper and 
Whitley, 2004), it cannot be confirmed regarding the positive role of state supported
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technical development, or more general, of sectoral policy. In contrast to previous 
studies, for example in the German biotechnology industry (Casper, 2009), 
governmental agencies do not significantly support technology firms in the biometrics 
industry. This contributes to the inability of German biometrics manufacturers to break 
through the institutional setting of the coordinated political-economic framework 
(Casper, 2000 and 2009). Relating to the literature referring to the German innovation 
system, the patterns described by previous researchers are clearly visible in the field 
data, it is visible that the German institutional framework creates rather incremental 
innovations but does less support the creation of radical innovations in high-tech 
industries (e.g. Whitley, 2000) such as the biometrics industry. The few isolated and 
singular sectoral policy instruments in the field of biometrics used by German 
authorities. The lack of a focused sectoral policy for biometrics exerts a negative 
influence on firm success and inhibits a more successful development of biometrics 
firms in Germany. Nevertheless, this is to a certain degree compensated by the strong 
positive influence of international and national security policy.
5.3.3 Coordinated vs. Liberal Sectoral Policy -  A Reversal of Roles?
The main point for us at this time is that we need to have a competitive situation 
which is clean and which is not distorted in any way because in other countries 
policies support the suppliers, the manufacturers by all possible means. We see 
this as the biggest problem. (Firm 12)
I have shown in the previous section that there is no supporting sectoral technology 
policy in the field of biometrics which could support the emergence of biometrics 
manufacturers as new high-tech firms in the coordinated German institutional 
framework, as it has been the case in other industries (e.g., Casper, 2009). Although 
this study was not designed as a comparative international study and I did not collect 
empirical data in other market economies than Germany, both primary and secondary 
data provided comparative information which put the results in a relation with sectoral 
policy in liberal market economies, particularly the United States. I found it useful to 
discuss that information in this section to further emphasise the particularities of the 
German business environment in the field of biometrics.
Similarly, varieties of capitalism researchers such as Whitley (2003) have pointed to 
the essential role of state support in the development and transfer of new technologies, 
suggesting that the institutional framework of liberal economies is more likely to enable 
firms to develop radical, transforming innovations, in particular when the government 
follows a mission-oriented research and development policy in certain sectors such as
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defence. Regarding the United States of America, Whitley points out that “many of the 
competence-destructive [i.e., transformative to existing industries and sectors]
innovations developed in the United States since the war depended on state-supported 
research and/or large-scale state procurement in the defence related and health 
sectors” (2000:879). Similarly, secondary sources have shown that American 
governmental institutions assume a strong role in fostering basic research in high-tech 
sectors, particularly in the defence sector, is backed by secondary data (e.g., Hughes 
and Werwatz, 2006; Hill and Becker (2007). The emergence of innovative industries 
with the support of public research money, often defence spending (e.g., by the 
Department of Defense), is a pattern typically found in American innovation policy. A 
comparative study of the American and the German innovation system, conducted for 
the American Institute of Contemporary German Studies, confirms the strong role of 
American governmental institutions in fostering basic research (Hughes and Werwatz,
2006). This perception is supported by Hill and Becker (2007) who point out that 
governmental investments in basic research are essential for the success of the 
American innovation system. Often, several decades of governmental R&D spending 
are necessary to establish industry clusters that create high returns (Hill and Becker,
2007).
Although biometric technologies are seen as a subset of civil security they can also be 
used in defence and military settings and are, therefore, closely linked to the defence 
sector (e.g., Borchert et al, 2010). I argue that the support of the American biometrics 
industry reflects Whitley’s argument regarding the development of key industries in the 
United States. In addition to the close relation with the defence sector, biometric 
methods have been fostered in America, particularly by the Department of Defense and 
the Department of Homeland Security as an instrument to protect national security 
(Borchert et al., 2010).
The literature has suggested that in Germany, non-market coordination instruments 
balance individual and collective interests, thereby resulting in long-term engagement
of economic actors (Bachman, 2001) but reducing the ability for revolutionary 
innovation by in high-tech firms. Accordingly, secondary sources show that the use of 
biometrics by the German Bundeswehr is limited to some trials, whereas the 
Department of Defense and the American armed forces have a clear strategy for the 
evaluation, procurement and use of biometrics (Borchert et al., 2010). This is similarly 
reflected in the primary data:
And if you compare it with the situation in the US for example, there it is relatively 
easy, well much easier, for companies [...] to have projects supported by the
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military, and/or from other agencies. And this speeds up the development of the 
technology. It’s much tougher for a German company. (Firm 4)
Even though the study was not conducted as an international comparative study, which 
limits the results regarding the biometrics sector in other countries, the field data yet 
reveal significant differences between American and German sectoral policy 
approaches in the field of biometrics. While respondents perceive no particular sectoral 
policy, they have the impression that the American government supports the local 
biometrics industry with a very clear sectoral policy, which is perceived as a market 
distortion in international competition. American agencies actively search for firms with 
special competencies and take influence in their development activities, and they are 
also willing to initiate research promotion programmes to foster these competencies. 
This creates planning security for high-tech firms because they have access to several 
research funds that fit their financial needs for product development and because there 
is a high probability that the products originating from these supporting activities are 
eventually purchased and used by American authorities.
But I would like to say, that the Americans [...] are more aggressive on the 
authority side if they want certain technologies supported [...] and all the way in 
front of course the Department of Homeland Security is looking very targeted for 
companies when they put out a request for proposal because they say that they 
want to reach another level in biometrics [...] And this gives everything a push and 
also because at the same time the government will finance, and of course there is 
a much better chance, if the product will work correctly, that it will be used by the 
government, which in turn provides the possibility for revenue and refinancing. And 
this is much more reluctant here [...]. The direct intervention in the development 
strategies and strong support is much less in Germany. (Firm 5)
According to respondents, sectoral technology policy in the United States follows a 
more technology-oriented and research-focused approach. Among the most significant 
differences is that US authorities take a more direct influence on biometrics firms when 
they provide technologies and products which appear to be relevant for national 
security. This is accompanied by a buy national’ strategy that is executed through 
procurement and supplier lists.
Another point [...] is the national focus in the US; for the sourcing strategies in the
US, at least for the public sector, you can see a very strong focus on funding of
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national companies, and the listing and acceptance in the acquisition lists in 
general in the US is driven by national industry promotion. (Firm 10)
This is echoed by secondary sources, e.g. the Department of Homeland Security’s lists 
of certified and approved contractors (DHS, 2007). Previous researchers have shown 
that the dimension of governmental investments in biometrics in the United States is 
very large. For example, the contract value of the U.S. Visitor and Immigrant Status 
Indication Technology System (U.S. VISIT), which is only one part of the American 
homeland security architecture, has been estimated at USD 10 billion (Amoore, 2006; 
Morgan and Krouse, 2005). There are other examples suggesting similarly that 
American governmental agencies significantly invest in biometrics. For example, 
Lockheed Martin won a US$ 1 billion contract to develop and maintain the FBI’s Next 
Generation Identification multi-modal biometrics system in 2008 (BTT, 2009). 
Considering the buy-national strategy, it is easier for American firms to receive project 
promotion and by this means push technology development than for German firms 
cooperating with German authorities. There have been no comparable projects in 
Germany, neither in terms of technology nor investment volume.
It is evident that these large-scale policy-related programmes have been an institutional 
support for the biometrics industry in the United States, which is echoed by secondary 
sources suggesting that American firms profit most from governmental contracts in the 
US (BITKOM and Roland Berger, 2007; Borchert et al., 2010). In addition to the 
national purchasing strategy, the US government assigns concrete development tasks 
to the industry. The field data indicates that interaction between firms and authorities in 
Germany is more passive and authorities do no actively select and trigger new 
developments:
[...] The government sets tasks: “We do want this technology now" and the 
companies apply for it. While in Germany this is the other way around [...] the 
suggestions have to come from the companies. And this may prove to be 
somewhat dangerous, because you [...] will receive funding and in essence will not 
really have invented something that is needed. (Firm 3)
Research promotion proposals in Germany usually come from the industry, whereas 
authorities only occasionally react on innovative industry activities. Even if proposals 
are accepted and promoted in the framework of a research promotion programme, 
firms do still not know whether the product will find a market afterwards, which causes 
uncertainty for firms.
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This shows that much more passive stance of the agency not to search and say:
"What modern things are out there? How can w e accelerate technologies through 
input from the government as well as financial support [...]?" This is left up to the 
industry [...] and the government will perhaps react supportive. And that is much 
different in the US. Things [...] are supported and initiated by the governm ent right 
from the start. (Firm 5)
It is also unusual for German authorities to pay firms directly for technical 
developments. Authorities engage at singular occasions in biometrics; however, this 
has little practical relevance and does not lead to large-scale use of biometrics in the 
public sector. German biometrics manufacturers neither have access to public 
spending on research and development because there are no programmes for 
biometrics, nor do they realise the returns that would amortise their own R&D 
investments from large-scale field projects.
Another typical instrument of American sectoral policy is patent law. By keeping the 
barriers for granting a patent at a low level the government support American firms in 
international competition, while raising barriers for foreign firms.
Americans support this very strongly through standards or through special 
certifications, [...] and also how they handle their patent law. Patents are issued at 
a very low level. It is so low that you are almost blocked [...]. Well, this is a 
classical support of the local industry. Actually we would have to tackle this. But 
that will cost a lot of money. (Firm 12)
Although firms from abroad officially have the same possibilities to file patents at the 
US patent office, American firms have clear advantages because they are closer to 
their own government and know the key processes better than foreign competitors. In 
addition to that, it is difficult and cost-intensive for a small German firm to involve in 
patent issues in the United States.
The lack of a supportive sectoral policy stands in contrast to what would be expected 
from a coordinated governmental policy according to the literature (Casper, 2009). Vice 
versa, the American government supports the biometrics industry more than known for 
a liberal economy from the literature (Hall and Soskices, 2001 ; Vitols, 2001). 
Traditionally, governments in liberal market economies are less involved in 
coordination of economic action than governments in coordinated market economies 
(e.g.. Hall and Soskice, 2001). I argue that national security interests of the United
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States counteract this pattern by forcing the government to support industries which 
are identified as critical for national security.
The involvement of the US government with the biometrics industry is also reflected in 
frequent transfers of personnel between firms and agencies. A prominent example is 
Robert LaPenta. The former CEO of L-1, a leading American biometrics firms, has a 
track record of high-ranked positions in the American defence and military industry, as 
well as with the CIA. Other members of L-Ts board of directors held positions in a 
number of state authorities that are relevant for the firm’s business, e.g. the 
Department of Homeland Security and the U.S. Coast Guard (James Loy), the U.S. 
Department of State (Robert Gelbard), the Army’s National Science Center (Milton 
Cooper), and the Defense Science Board (B.G. Beck). The former director of the CIA, 
George Tenet, used to have a seat in the board of directors earlier. There are hardly 
any personal transfers between politics, administration, intelligence services and 
industry at comparable level and frequency in Germany.
In summary, the field data supports the varieties of capitalism literature that the 
coordinated German institutional framework does not support the development of 
radically innovative high-tech industries such as the biometrics industry. An explicitly 
supporting sectoral policy would be required to enable the growth of the biometrics 
industry in Germany; yet such policy does not exist. The lack of such policy has a 
negative impact on the commercial success of German biometrics firms. In the United 
States, the government support the biometrics industry with a clear sectoral policy and 
takes a more direct influence on firms with a broad range of policy instruments such as 
a focused research and development strategy, large-scale reference projects, a 
national purchase strategy, direct influence on firms’ development activities and 
personnel transfers between politics and industry. Similarly, positive institutional 
influence is exerted by patent law and technical standardisation.
As a result, firms in the coordinated German market economy are influenced 
significantly less by governmental activities than biometrics firms in the liberal 
American framework. The explicity of sectoral policy in the US stands in contrast to 
what could be expected from a liberal market economy where agencies usually exert 
less influence on firms than in coordinated market economies like Germany. I conclude 
that this discrepancy contributes to the economic difficulties of German biometrics 
manufacturers, which is paradoxical considering that many of the basic biometric 
technologies used worldwide originated in Germany. The field data indicates that 
national security interests are responsible for this exception from the pattern that 
governmental institutions in coordinated market economies influence the industry 
stronger than in liberal market economies.
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It can be concluded that the German biometrics industry provides an example where, 
unlike previous studies have suggested for other industries (e.g., Casper, 2009), new 
technology firms are not able to succeed in a coordinated market economy because 
governmental policy does not enable firms to grow against the comparative advantages 
which are supported the coordinated institutional setting. Even though the lack of a 
focused sectoral policy is partly compensated by the positive influence of international 
and national security policy, which is a different type of governmental policy, this does 
not suffice to allow the majority of biometrics firms to grow successfully within the 
coordinated market economy.
5.4 Inter-organisational Relationships and Trust
The entire biometrics is based on trust. That is what I have said over and over 
again, biometrics is a trust-related business and if you can’t offer the customer -  or 
prospect -  trust, then he won’t buy anything from you. (Firm 9)
5.4.1 Trust in the German Business System
As reviewed in chapter 2, strategic management researchers have shown that the 
ability of firms to coordinate external relationships is a prerequisite to successfully 
exploit internal core competencies and capabilities (Teece et al, 1997; Lehrer; 2001; 
Whitley, 2003; Lane and Probert, 2009). In a growingly complex and uncertain 
business environment, such relationships are used as a mechanism to coordinate 
expectations and interactions with business partners by bridging informational gaps 
(Ring and Van der Ven, 1994; Lane, 2000; Bachmann, 2001).
Closely related, the variety of capitalism literature suggests that different institutional 
frameworks generate different comparative advantages because economic actors 
coordinate their activities in a manner that is supported by their institutional 
environment. It has been suggested that different institutional frameworks support or 
inhibit certain types of inter-organisational cooperation. (Hall and Soskice, 2001 ; Lane 
and Probert, 2005; Carlin and Soskice, 2008). Previous studies have analysed how 
trust develops in such relationships and shown that different business systems are 
characterised by different forms, instruments and levels of trust (e.g.. Hall and 
Soskices, 2001; Casper, 2001; Bachmann, 2010). The coordinated German business 
system has been associated with certain particularities how trusted inter-organisational 
relationships are created and maintained, for example a high degree of 
institutionalisation through trade associations and industrial relations (Bachmann, 2001 
and 2009), as well as a strong engagement of quasi-public research institutes, such as 
Fraunhofer, with firms and agencies (e.g., Venohr and Meyer, 2007).
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As reviewed in chapter 2, previous researchers have argued that authority sharing and 
institutionalisation of trust are particular prerequisites in innovative high-tech industries 
where inter-organisational cooperation is required to share resources, knowledge and 
risk (e.g., Bachmann, 2001). Accordingly, trusted relationships are of particular 
relevance in research-intensive settings like the biometrics industry where cost­
intensive, risky innovations and developments require long-term cooperation of 
economic actors, knowledge sharing and joint bearing of risks, as it is the case in the 
biometrics industry. As I have argued above, the German biometrics manufacturers are 
a group of new and small high-tech firms in a knowledge-based industry with a 
complex value chain, which can hardly be controlled entirely by a single firm. Following 
this argument, cooperation of actors along the biometrics industry’s value chain is 
essential for the commercial success of biometrics manufacturers. This supports those 
authors who have argued that inter-organisational relationships in coordinated 
frameworks require a sufficient level of institutionalised trust (e.g. Bachman, 2010).
Yet secondary sources suggest that an ineffective knowledge transfer from basic 
research to marketable products hinders the growth of high-tech industries in Germany 
(Hughes and Werwatz, 2006; Hill and Becker, 2007), which would be a critical issue for 
a knowledge-based high-tech industry like the German biometrics industry. Among the 
most prominent sources is the Association of German Engineer’s (VDI) study in the 
German security industry, which argues that networking of the firms is insufficient 
(Künzel et al., 2009). Considering the biometrics industry, it is also criticised that the 
transfer of innovations from research to marketable products does not function 
appropriately because firms have difficulties to network with research institutes (Künzel 
et al, 2009). The trade association BITKOM comes to similar conclusions, arguing that 
German universities and research institutes have difficulties to transform their 
innovations into marketable products (BITKOM and Roland Berger, 2007).
Against this background I studied what primary evidence emerges from the field study 
regarding the organisation of research and knowledge transfer in the German 
biometrics industry, and how this influences the success of sample firms. Could inter- 
organisational relationships help firms to leave the path of institutional determinism and 
establish a successful high-tech industry in the coordinated political economic German 
framework? Could this be achieved if large firms grouped the entrepreneurial firms 
around them and created networks where knowledge is transferred successfully along 
the value chain (Casper; 2009)? Considering these questions I studied the constitution 
of inter-organisational relationships and knowledge transfer along the value chain in the 
German biometrics sector, the role of trust in those inter-organisational relationships
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and in the question to what extent trusted relationships could compensate the lack of a 
supportive sectoral technology policy.
5.4.2 Cooperation and Knowledge Transfer Between Biometrics Firms
At the beginning I analysed whether firms cooperate with other firms along the 
biometric value chain, what the aims of cooperation are and in what form cooperation is 
structured. The following table displays the results:
Table 16: Inter-organisational relationships with biometrics firms
Source: Field studies
Number of 
manufacturers
Aims of cooperation Forms of cooperation
Cooperation 
with other 
German 
manufacturers
9
(firms 1, 2, 4, 7, 
10, 12, 14, 15, 
16)
■ Show additional 
competency
■ Provide customers with 
additional biometric 
technology (e.g. finger + 
face)
■ Develop joint product
■ Open additional sales 
channel
■ Supply relationship 
(purchase, support, 
customer visits etc.)
■ Integration of other 
firm’s product into own 
product (e.g. 
fingerprint sensor into 
own scanner or 
scanner into own 
software)
■ OEM agreement
■ Customer project- 
based cooperation
Cooperation
with
international 
biometrics firms
6
(firms 2, 6, 9, 
13, 15, 16)
■ Purchase and integrate 
international biometric 
firms' hardware 
(sensors, scanners)
■ Cooperate with resellers 
in international markets
■ Similar to cooperation 
between German 
manufacturers
■ Cooperation 
agreements
Cooperation 
with sub­
integrators
6
(firms 2, 3, 5, 
11, 14, 15)
■ Sell product
■ Integrate product in 
partner’s security 
systems
■ Supply relationship
■ Development 
cooperation
■ Customer project- 
based cooperation
Cooperation 
with system 
integrators
10
(firms 2, 4, 6, 5, 
7, 8, 12, 13, 14, 
15)
■ Participate in large-scale 
system projects
■ Establish a presence in 
international target 
markets
■ Implement product 
support in international 
markets
" Open additional sales 
channel
■ Supply relationship
■ Development 
cooperation
" Customer project- 
based cooperation
No cooperation 0
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The results show that the strategic group of German biometrics firms is a small 
community where most actors know each other. 9 out of 16 manufacturers cooperate 
with other German biometrics manufacturers; however, cooperation is often limited to 
simple supplier relationships. Nevertheless, in some cases cooperation is extended to 
product adaptations or even joint development activities. Cooperation among 
biometrics manufacturers typically occurs:
a) When customers require different biometrics in the same IT system. For example, a 
face recognition firm cooperate with a fingerprint recognition firm when a customer 
needs both types of biometrics in an access control system.
b) When biometric hardware firms use other manufacturers’ software. For example, 
two sample firms cooperate with each other because one of them has developed 
an own biometric scanner, for which they license the image processing and pattern 
recognition software of the other.
c) To develop joint products, e.g. a hybrid product for finger vein and fingerprint 
recognition.
The data also suggests distinguishing software and hardware manufacturing in the 
value chain because some firms focus on only one of these alternatives. In this case 
they need to engage in a supplier relationship with another firm that covers the other 
part.
Six German biometrics manufacturers cooperate with international biometrics firms like 
Atmel (United States, finger), L-1 (United States, face and finger), Lumidigm (United 
States, finger), UPEK (United States, finger), Fujitsu (Japan, vein), Panasonic (Japan, 
iris), Suprema (South Korea, finger) and id3 Semiconductors (France, finger) or did so 
in the past. The most typical cases are:
d) Purchases of international vendors’ fingerprint sensors to integrate them into a 
German fingerprint scanner
e) Integration of international firms’ hardware into a biometrics software
f) Integration of fingerprint or vein scanners into terminals. In this context, cooperation 
is extended to a development partnership.
Cooperation of manufacturers with system integrators is more intensive and more 
strategic than cooperation between manufacturers. Integrators are firms that offer 
entire solutions and projects such as ID card system and border control programmes 
for governments or security installations for industry customers, e.g. access control
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systems. I have also shown that biometrics manufacturers typically provide a small 
element within a security system. Every large-scale project is different and requires a 
complex network of partners as well as an additional technical infrastructure. For 
example, making use of biometrics for access control requires a terminal or gate, time 
recording, access control software, a communication and security infrastructure, 
hardware tokens like smart cards, etc. Typically, biometric recognition software needs 
to be integrated into a security installer’s access control software or it is integrated in a 
retail cash point system. As biometrics are hardly sold alone, biometrics manufacturer 
only on rare occasions stand at the end of the value chain. As one firm revealed, 95% 
of their turnover is realised by selling products and components to system integrators, 
whereas hardly anything is sold to end customers.
To succeed in large-scale projects, manufacturers need established and long-term 
cooperation with system integrators. It is almost impossible for a small German 
biometric manufacturer to participate in a large system project on their own because 
manufacturers do not have the broad range of competencies required in such project. 
Often manufacturers are simply too small to bid in high-volume projects. Since 
biometrics manufacturers have realised the importance of the subsequent value chain 
elements, cooperation with system integrators is more oriented in long-term 
partnerships than cooperation with other manufacturers. Due to the high degree of 
specialisation of the final application, chances are high that there will be additional 
orders once a manufacturer’s product has been integrated successfully into an 
integrator’s system. Cooperation with system integrators can become very intensive. In 
several cases system integrators or sub-integrators are involved in a manufacturer’s 
development activities. One firm cited the example of their cooperation with a system 
integrator that started with initial interest for technology, went on with joint testing 
activities and then resulted into implementation of the manufacturer’s products into the 
integrator’s application. Later, the system integrator started to resell the products to 
their own customers and, eventually, acquired a minority share of the manufacturer. 
There are different modes how cooperation between a manufacturer and a system 
integrator is initiated:
a) The customer searches for a certain solution, chooses a manufacturer and brings 
an integrator of choice or selects an integrator which is recommended by the 
manufacturer. In some cases the cooperation is directly initiated by the customer.
b) The integrator chooses the manufacturer and brings a customer who is interested 
in biometrics but has no preferences regarding the potential partner.
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In contrast to the loose cooperation between manufacturers, cooperation with system 
integrators is either organised through mutual cooperation contracts, e.g. aiming to 
integrate the manufacturer’s product into the integrator’s system, or it is a project- 
driven, single case cooperation. I also found that a sub-group of firms who position 
themselves between manufacturing and system integration needs to be classified into 
an own category, which I called Sub-Integration. These sub-integrators integrate 
biometrics products into their products which later become part of the surrounding 
security system. For example, firm 2 either sells directly to security installers and door 
manufacturer as sub-integrators which integrate biometrics into turnstiles and doors 
that later become part of an entire security system, which is installed by the system 
integrator. The data provide another example from the automotive sector. Here, the 
first element of the biometrics value chain is biometrics manufacturing, providing 
hardware (e.g. scanners) and software (e.g. algorithms, middleware, application 
software). These are then combined by firm 7 as a manufacturer, sold to a sub­
integrator that provides automotive components and are then integrated by the car 
manufacturer into the car (which is the final system). This example illustrates that the 
value chain can consist of a larger number of elements.
German biometrics manufacturers are rather flexible regarding their role and the sales 
channels they use. In the private sector, some manufacturers sell to system 
integrators, some sell to sub-integrators like door manufacturers, and some even sell 
directly to end customers. In the public sector, the number of possible cooperation 
models is especially high in international projects. There is an individual constellation in 
most new projects and the design of the cooperation scenario depends on customer 
requirements, on technical issues and on the partners’ strength in the target country. 
Therefore, a particular cooperation model is hardly replicable in other projects. This 
complexity is reflected in firm 7’s statement;
Well, the value chain can be very long, whenever the final system is not only 
consisting of biometrics but also of many other small components. [...] These are 
then partner projects that partly stand next to each other and partly on top of each
other. And on the top there is a main contractor. And it can happen that you are on 
the fourth or fifth position, that’s different in every project, and I have the 
impression that the projects get more complicated the more exotic the country is.
(Firm 7)
Since the data also revealed a clear distinction between software and hardware- 
oriented activities within the category of manufacturing, I divided manufacturing into the
117
two sub-categories Software Development and Hardware Development and Assembly. 
The following figure displays the revised value chain.
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Field studies
In some cases I found intensive cooperation of biometrics firms with firms providing 
components required from other technology fields. For example, providers of signature 
biometrics need to cooperate with signpad manufacturers to bring their technology in 
the market. This example is illuminating because it shows that the success of biometric 
technologies also depends on the availability of complementary technologies. For 
many years, signature biometrics was a niche topic because few potential customers 
had electronic signpads. As soon as signpads started to penetrate the market in 2007, 
signature biometrics experienced an upturn, which was later reinforced with the market 
success of touchpad devices like the iPhone and the iPad and the availability of 
software applications (apps). There is evidence that the commercial success of 
signature biometrics depended on the availability of suitable capturing devices because 
the biometrics manufacturer would not have had the resources and market position to 
establish the required hardware infrastructure on their own.
In summary, the literature is confirmed insofar as inter-organisational relationships are 
used as a mechanism to coordinate expectations and interactions with business 
partners (Ring and Van der Ven, 1994; Lane, 2000), and that effective and trusted 
inter-organisational relationships are essential for knowledge-based high-tech firms 
who have to invest considerably in research and development and depend on external 
cooperation (Bachmann, 2001). The data suggest that the commercial success of 
biometrics firms depends on their ability to set up intensive and effective inter- 
organisational relationships. Nevertheless, the literature (e.g., Hughes and Werwatz, 
2006; Hill and Becker, 2007) as well as secondary sources (e.g., Künzel et al., 2009) 
cannot be confirmed regarding the claimed difficulties in knowledge transfer -  the field 
data does not indicate inefficiencies in cooperation between biometrics firms along the
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value chain; instead, cooperation between firms, particularly between manufacturers 
and system integrators, is designed efficiently and characterised by a high level of 
trust. It can be concluded that the current design of inter-organisational relationships in 
this sector exerts a positive influence on firm success.
The field study supports the types of cooperation found in previous studies. 
Cooperation between manufacturers is mostly limited to loose supplier relationships, 
which can be considered as simple transactions or exchange relationships (Perks and 
Halliday, 2003), while cooperation between manufacturers and integrators or sub­
integrators may be quite intensive and can be considered as strategic alliances (ibid.). 
Generally, the data suggests that smaller firms tend to organise their cooperation with 
a hands-on approach without binding legal agreements. The larger the manufacturer, 
the more they seek legal agreement with potential partners. Eventually, the data 
suggests that the biometrics value chain should be added; Manufacturers should be 
divided into software and hardware manufacturers. In addition to that, the new category 
‘sub-integrator’ should be added between manufacturers and system integrators.
5.4.3 Cooperation and Knowledge Transfer Between Science and Business
In the literature review I have argued that the continuous creation of innovations not 
only requires well-organised knowledge transfer between firms but also from science to 
business. Secondary sources have argued that the German institutional framework 
might hinder more successful cooperation and knowledge-transfer between science 
and business in Germany. For example. Hill and Becker (2007) suggest that German 
universities are successful in fundamental research but show considerable 
weaknesses in transferring innovations to marketable applications. Similarly, previous 
researchers have indicated that the American business system is more permeable for 
know-how and people between the business world, politics and science, and that the 
flow of knowledge between organisations is higher in liberal market economies 
because organisational boundaries are more permeable (Whitley, 2000). Against this 
background I analysed whether the field study’s results pointed to inefficiencies in the 
transfer of know-how between the scientific world and the industry, which could 
contribute to the economic difficulties of German biometrics manufacturers. Moreover, I 
as interested in studying the role of quasi-public research institutes in inter- 
organisational cooperation in the biometrics industry.
Starting with an analysis which institutions are involved in biometrics research in 
Germany, secondary sources report on a number of academic institutions and quasi­
public research institutes. Basic research in this field is mostly conducted by 
universities, where biometrics is a side aspect of a larger topical conglomerate like
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informatics, IT security, pattern recognition, robotics, and man-machine 
communication. The larger universities often have chairs in informatics or IT security 
that focus both on pattern recognition and biometrics (Künzel et al., 2009). Prominent 
examples for universities conducting basic research in biometrics are the Humboldt 
University in Berlin, the Otto von Guericke University in Magdeburg, the Technical 
University in Munich, the Technical University in Darmstadt and the University in 
Regensburg. Although these organisational structures might be reasonable for the 
individual university, it has been argued that they are an obstacle for a solid technical 
education in the field of biometrics (Künzel et al, 2009). Therefore, I analysed whether 
biometrics research in Germany is focused enough to support the industry with a 
continuous flow of innovations and skilled labour. An interesting case is provided by the 
University of Regensburg. After having engaged in research on key stroke-based 
verification (typing), the university founded the Psylock spin-off (Bartmann and 
Wimmer, 2007). Although this firm was highly innovative in terms of technology, it went 
into insolvency shortly before I started my field study. This case is congruent with the 
economic patterns visible in the data regarding the economic development of German 
biometrics manufacturers as reviewed in chapter 4.
In addition to universities, a number of universities of applied sciences 
(Fachhochschulen) are involved in biometrics research. For example, the University of 
Applied Sciences Giessen-Friedberg established the Institute for Biometric 
Identification Systems (Institut für biometrische Identifikationssysteme) in 2001 to 
conduct interdisciplinary, manufacturer-independent research on biometric 
identification. Other universities of applied sciences concerned with biometrics 
research are located in Nuremberg, in Brandenburg and in Regensburg. In contrast to 
the traditional universities, biometric research at universities of applied sciences is 
rather project-driven and less oriented in fundamental issues.
In addition to academic research, a number of non-academic, quasi-public research 
institutes are involved in biometrics research. In Germany, such institutes have a long 
tradition dating back to the beginning of the 20*^  century. Today they play an essential 
role in the flow of knowledge from research to the industry and the flow of industry 
funds to research (Hughes and Werwatz, 2006). The Fraunhofer Gesellschaft, founded 
in 1949, is the largest German research organisation in Germany and has a leading 
role in the field of biometrics. According to secondary data, Fraunhofer institutes in the 
field of biometrics are the Institute for Graphical Data Processing (IGD), the Institute for 
Secure Telecooperation (SIT), the Institute for Production Systems and Design 
Technology (IPK) and the Institute for Telecommunications (Heinrich Hertz Institute, 
HHI) (BITKOM, 2008). These institutes conduct mission oriented contract research
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based on a mixed financing concept, including industry and public funds. Therefore, 
research is close to the point on the value chain where the transfer from basic 
knowledge to marketable products takes place.
While secondary source provide sufficient evidence regarding the question who is 
involved in biometrics research in Germany, little research has been undertaken to 
study the quality of inter-organisational relationships between science and business in 
this field. I was also interested to study whether the criticism of previous researchers 
regarding the effic iency  of knowledge transfer is supported by the field data. A 
consolidated perspective shows that the transfer of knowledge from science to 
business is not as insuffic ien t as suggested. The following table gives an overview of 
the cooperation between biometrics manufacturers and universities, as well as quasi­
public research institutes.
Table 17: Inter-organisational relationships with universities and research institutes
Source: Field studies
Number of 
manufacturers
Aims of cooperation Forms of cooperation
Cooperation 
with universities
10
(firms 1,2, 4, 5, 
9, 10, 11, 12, 
13, 16)
Undertake research on 
future technologies, e.g. 
develop new algorithms 
Develop software 
Test new technologies / 
products 
Purchase firms’ 
components for own 
research purposes 
Enhance existing 
products
Demonstrate and show 
technologies and 
products
Diploma or doctoral 
theses
Dual programme 
students
Joint participation in 
European and German 
research promotion 
projects
Research contracts 
Other cooperation 
agreements / contracts 
Joint research labs 
Personnel transfer 
from universities to 
firms
Mutual showrooms
Cooperation 
with quasi­
public research 
institutes
7
(firms 2, 4, 5, 7, 
9, 11, 12)
Cooperate in 
standardisation 
Bring basic research 
results into products 
Undertake research on 
future technologies, e.g. 
development of new 
algorithms 
Develop software 
Test new technologies / 
products 
Purchase firms’ 
components for own
Research contracts
Engagement in 
standardisation 
bodies
Joint participation in 
European and German 
research promotion 
projects
Other cooperation 
agreements / contracts
Personnel transfers 
from quasi-public 
research institutes to
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research
■ Enhance existing 
products
■ Demonstrate and show 
technologies and 
products
■ Certification of products
firms (engineers)
■ Application for 
certification
Cooperation 
with universities 
or research 
institutes 
abroad
2
(firms 8, 13)
■ Development of basic 
technology
No cooperation 4
(firms 3, 6, 14, 
15)
The table illustrates that cooperation with universities and universities of applied 
sciences is very common among German biometrics manufacturers. In the sample of 
16 firms, 10 cooperate with academic institutions. Firms perceive cooperation with 
universities and research institutes not only as technically fruitful, they have diverse 
interests to engage in cooperation. They use universities to extend their own resource 
base and undertake research that could not be realised with firm resources alone. For 
example, firms mandate universities to conduct research on new or optimised software 
algorithms to enhance product performance. Software research is mostly concerned 
with basic issues like mathematical optimisation of recognition algorithms to make 
recognition processes faster and more precise. Firms do also assign technical testing 
of new technologies and products to universities. In some cases, universities and firms 
even engage in joint software development and larger firms sometimes establish joint 
research laboratories with universities. Two universities have established showrooms 
for biometrics and for larger firms joint research labs with universities are another 
instrument of cooperation. Occasionally, universities become customers of firms when 
they purchase biometrics scanners, software components etc. for own research 
purposes. For example, several universities have bought firm 13’s software 
development kit (SDK) to run own experiments, conduct feasibility studies, develop 
pilot applications and install security infrastructures. Generally I found that firms and 
universities have complementary interests to cooperate.
Typical forms of cooperation between firms and universities are joint diploma or 
doctoral thesis on technical issues, participation in dual study programmes, joint 
research projects, and personnel transfer from universities to firms. For example, firm 
11 successfully realised knowledge transfer through a doctoral thesis followed by a 
personnel transfer into the firm, resulting in a new product line.
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Quite frequently, funded research promotion projects are starting points for further, 
more strategic cooperation. For example, firm 9 started its cooperation with
Bundeswehr University in Munich in the early 2000s in a research promotion project. 
As this turned out to be successful, both partners engaged in joint software 
development. Basic development was undertaken by the university and then 
commercialised at the firm’s premises. The diversity of cooperation and respondents’ 
positive perceptions prove that cooperation between German biometrics manufacturers 
and universities is working effectively. In contrast to secondary sources (Künzel et al., 
2009), the data does not suggest that there are insufficiencies that have roots in the 
institutional framework. Quite the contrary, inter-organisational relationships exert a 
positive influence on firm success.
As to cooperation with quasi-public research institutes, 7 out of 16 firms cooperate 
with this kind of institutes, mostly Fraunhofer institutes and some forensic institutes. In 
comparison with academic cooperation, firms cooperate with research institutes with a 
stronger focus on the creation of commercially usable products. Firms use quasi-public 
research institutes as an “extended workbench” to use their special competencies and 
take advantage of additional research resources that are not available in the firm. They 
often engage in cooperation to commercialise basic technologies developed by 
universities. A clear intra-group difference in terms of cooperation is visible in the field 
of standardisation and certification. While several firms and research institutes jointly 
engage in standardisation groups, and institutes are sometimes assigned by firms to 
engage in standardisation, this is not the case in cooperation with universities. Unlike 
universities, research institutes are also involved in certification when they work as 
testing institutions for certifying authorities, e.g. the Fraunhofer Institute for Applied 
Optics and Precision Engineering (IGF) for the Federal Office for Information Security 
(BSI).
Cooperation between firms and research institutes is typically organised through 
research contracts. Since Fraunhofer institutes are obliged to raise a share of their 
annual budget from the industry, they have a vital interest in cooperation with firms, 
and research is more oriented in market-relevant aspects. Both research institutes and 
universities are partners for firms in research promotion projects and the data show no 
preferences of firms for either one. For example, several firms jointly participated with 
universities and research institutes in the 2010 BMBF biometrics call. Beyond bilateral 
cooperation, firms and research institutes are often organised in a network of partners 
including system integrators.
I found that knowledge transfers from universities to firms occur less often than from 
research institutes to firms because university research results are commercially less
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mature and firms have more effort to transfer them into products. Therefore, 
cooperation with research institutes often appears to be more interesting for firms.
Most of the scientific work you cannot use commercially. There is too much
research in it. That does not work. (Firm 9)
On the other hand, cooperation with research institutes tends to cause higher costs for 
firms, e.g. when the firm pays for the research institute based on a research contract. 
Quite the contrary, universities are often not paid by firms and undertake research 
primarily with a scientific interest.
In most cases, scientific cooperation focuses on German partners, yet there is no 
tendency towards local or regional partnerships because the specific competencies of 
scientific partners are more relevant than geographical location. Only few firms 
cooperate with universities and research institutes abroad, e.g. firm 8 in Dubai and firm 
13 in Paris. Four firms stated that they do not engage in cooperation with universities or 
research institutes because they have a lack of financial and human resources. 
Generally, the data suggest that cooperation between science and business is more 
intensive than cooperation between manufacturers because scientific institutions and 
firms have complementary interests, whereas firms often compete with each other and 
would have to share the turnover resulting from cooperation.
Table 18 displays the instruments of cooperation and their relevance according to the 
frequency of occurrence in respondents' statements. The most relevant forms of 
cooperation between firms are supply relationships and integration of third party 
products into own products, followed by cooperation in customer projects. The most 
relevant forms of cooperation between universities or quasi-public research institutes 
and firms are joint participation in European and German research promotion projects, 
followed by research contracts and personnel transfer. The number of personnel 
transfers from universities to firms is similar to the number of transfers from research 
institutes to firms, even though firms tend to engage professionals from research 
institutes, in contrast to graduates or young professionals from universities. The data 
backs my argument that the targets and instruments of cooperation are different 
comparing cooperation between firms and cooperation between firms and scientific 
partners. The table also illustrates that the instruments of cooperation between science 
and business are more diverse than between firms.
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Table 18: Instruments of inter-organisational cooperation
Source: Field studies
Instrument Example Relevance
Cooperation between firms
Supply relationship 
(purchase, support, 
customer visits etc.)
■ Project-based purchase of fingerprint 
scanners by another biometric manufacturer
+ + 4--4-
Integration of other firm's 
product into own product
" A biometric manufacturer integrates a third- 
party fingerprint sensor into own fingerprint 
scanner
■ A biometric manufacturer integrates another 
firm's scanner into own biometric software
Customer project-based
cooperation
■ A customer project requires cooperation of 
an integrator and two manufacturers
■+"4*4"
OEM agreement ■ A manufacturer of fingerprint scanners closes 
an OEM agreement with a provider of self- 
service-terminals
4*4*
Basic cooperation 
agreements and contracts
■ A biometric manufacturer closes a 
cooperation agreement with an integrator 
that the firm’s component will be used in 
potential customer projects
4 4
Development cooperation ■ A fingerprint and a vein firm cooperate to 
develop a hybrid (multimodal) scanner
4
Cooperation between 
universities /  research 
institutes and firms
Joint participation in 
European and German 
research promotion projects
■ A fingerprint firm, a Fraunhofer institute and a 
university join in a funded research project to 
develop a touchless fingerprint scanner
4 4 4 4
Research contracts ■ A biometrics firm mandates a Fraunhofer 
institute to develop the prototype of a new 
scanner
4 4 4
Personnel transfer ■ An engineer who has worked as a scientific 
assistant at a university changes to a 
biometrics manufacturer
4 4 4
Diploma or doctoral theses ■ A face recognition firm engages a doctoral 
student to develop a new algorithm
4 4
Basic cooperation 
agreements and contracts
■ A biometrics manufacturer closes basic 
cooperation agreements with a number of 
system integrators
■ Distribution agreements in target markets
4 4
Joint engagement in 
standardisation bodies
■ A signature firm and a Fraunhofer institute 
cooperate to develop an ISO standard for 
signatures biometric
4 4
Application for certification " A fingerprint firm applies for certification at a 
Fraunhofer institute that has been mandated 
by the BSI to certify biometrics products 
according to a technical regulation
4 4
Mutual showrooms ■ A university and a biometrics firm open a 
mutual showroom at the universities 
premises to demonstrate the results of a
4 4
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research cooperation
Dual programme students ■ A firm engages a student of a dual 
programme, including regular internships
+
Joint research labs ■ A large biometrics firm and a university open 
a joint research lab
+
The explo itation o f cooperation  results is in most cases regulated in mutual 
contracts, which have a trust-building function because they regulate the transfer of 
results and give parties safety. The concrete design of these contracts depends on the 
cooperation arrangement. For example, firms cooperating with research institutes may 
have to buy licenses from the research institutes that has developed certain 
components in the joint cooperation. Whereas methods and concepts are often 
finalised in cooperation, research results in most cases still have to be commercialised 
to bring them into market-ready products. For example, the commercialisation of a 
biometric scanner developed in cooperation requires further development of the form 
factor, a reduction of size, a reduction of unit costs etc., which is usually undertaken by 
firms.
There are clear intra-group differences regarding further use of results. Whereas 
universities are primarily interested in publishing the scientific results, research 
institutes tend to be more interested in third-party funds and license royalties, and firms 
are interested in realising turnover with new products. The data show that a typical 
basis of a successful cooperation is an agreement that universities are allowed to 
publish results in academic journals and firms are allowed to use the results 
economically. In the case of joint software development, firms and universities tend to 
agree that the rights for the commercial use of cooperation results remain with the firm 
but the university receives the right to use the results for scientific purposes.
In summary, the results of the field study confirm the literature where it has been 
argued that inter-organisational cooperation are used by economic actors to share 
resources, knowledge and risk (Rachmann, 2001, 2003 and 2009). The data also 
support the literature regarding the patterns which have been associated with inter- 
organisational cooperation in the German business system; particularly, a network of 
trusted relationships with a high degree of institutionalised trust and a strong role of 
quasi-public research institutes (Venohr and Meyer, 2007; Bachmann, 2009). 
Considering the findings discussed in the previous section that the German business 
system does not support radical innovations and a particular sectoral policy does not 
exist, efficient inter-organisational cooperation is essential for the commercial success 
of knowledge-based technology firms like the biometrics manufacturers to transfer 
innovations and knowledge along the value chain from research to marketable
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products. The results of the field study do not confirm secondary sources stating that 
inter-organisational relationships between science and business in the German 
biometrics sector show inefficiencies. Quite the contrary, I found that German 
biometrics manufacturers are deeply engaged in different types of cooperation across 
organisational boundaries, both with other firms and with scientific institutions. The 
efficient design of inter-organisational relationships between science and business 
exerts a positive influence on the success of biometrics firms. Cooperation between 
science and industry is more intensive and strategic than inter-firm cooperation 
because scientific institutions and firms have complementary interests regarding the 
outcomes of cooperation and the use of results. Cooperation between manufacturers 
and system integrators is more intensive than between manufacturers.
The level and frequency of knowledge transfer between universities, research institutes 
and firms is considerable. Transfer from research institutes to firms occurs more often 
than from universities to firms. Considering personnel transfers, the number of 
transfers is not very different but firms tend to engage professionals from research 
institutes and graduates or young professionals from universities. There are neither 
signs of weaknesses in cooperation, nor would such weaknesses have roots in the 
institutional framework. Answering my research questions relating to inter- 
organisational relationships, the data does not indicate the necessity to improve 
cooperation along the value chain. Quite the contrary, the high quality of inter- 
organisational relationships in the German biometrics sector can, to a certain degree, 
compensate the deficiencies in the institutional framework, particularly the lack of a 
supportive sectoral policy.
5.4.4 Trade Associations: Trust-building in Inter-organisational Relationships
As reviewed in chapter 2, the German institutional framework is characterised by non- 
market coordination instruments such as a high level of institutionalised trust, which are 
used by market participants to facilitate inter-organisational relationships (Hall and 
Soskice, 2001; Bachmann, 2009). Among the most typical instruments of 
institutionalised inter-organisational relationships are powerful trade associations, 
which are organised along sectoral lines and engage in the setting of technical, legal, 
social and moral standards for industry participants (Casper, 2001; Tate, 2001; Vitols, 
2001; Bachmann, 2010). Studies have shown that in the coordinated German market 
economy, mutual trust-building in inter-organisational relationships is institutionalised 
through those trade associations (Bachmann, 2009). They constitute a link between the 
institutional framework and firm competencies by facilitating the interaction between 
firms and their institutional environment. It has been shown that trade associations
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organise a significant share of technology transfer activities in coordinated market 
economies (Casper, 2000 and 2001; Hall and Soskice, 2001).
Against this background, I studied the role of trust in the inter-organisational 
relationships of German biometrics manufacturers, how the engagement of sample 
firms in trade associations contributes to the establishment of trusted inter- 
organisational relationships, and how this engagement influences firm success.
The field study confirms that the engagement in trade associations is a significant 
instrument to create mutual trust between economic actors in the German biometrics 
industry. The trust-building effect of this instrument is higher than mutual cooperation 
agreements, which supports the literature that trade associations are a typical non- 
market coordination instrument to institutionalise trust in inter-organisational 
relationships (e.g., Bachmann, 2009). The data show that the landscape of trade 
associations is rather segmented and German biometrics manufacturers engage in a 
multitude of associations. In total, 13 sample firms engage in 16 trade associations, 
each providing a different market approach and different advantages for members. 
While some associations are directly active in biometrics, others focus on certain 
geographical target markets or on complementary technologies. Firms tend to orientate 
in the association that is most complementary with their individual needs. I found that 
the broad segmentation is advantageous for German biometrics firms because they 
can select the trade associations that fit the most to their needs. The broad spectrum of 
trade associations for specific sub-groups of firms facilitates the institutionalisation of 
trust, which confirms the literature regarding the high degree of institutionalisation of 
trust in the German business system. The following table displays the engagement of 
sample firms in trade associations in relation to the market sector and size class of 
firms.
Table 19: Engagement of sample firms in trade associations
Source: Field studies
Trade association Firm active 
in public 
Sector
Firm active 
in private 
sector
Firm active 
in both 
sectors
Size class
National (9) ■ Very small: 3
■ Small: 4
■ Middle: 1
■ Large: 2
■ Very large: 1
BITKOM 12 5, 10, 11
TeleTrusT 4, 12 8, 14 5, 7, 11
Bundesverband der 
Hersteller und Errichter
3,6
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von Sicherheitsfirmen 
e.V. (BHE)
Competence Center for 
Applied Security 
Technology, CAST e.V.
2 7
ASQF Arbeitskreis 
Software-Qualitat und - 
Fortbildung e.V.
1
Verband Organisations- 
und
Informationssysteme 
e.V. (VOI)
11
Lateinamerika Verein 
e.V. (LAV)
12
Ostasien Verein der 
deutschen Wirtschaft 
e.V. (OAV)
12
Nah- und Mittelost- 
Verein e.V. (NUMOV)
12
Regional (4) ■ Very small: 1
■ Small: 1
■ Middle: 0
■ Large: 1
" Very large: 0
Münchener Forderkreis 6
SIBB e.V.
Sichere Identitat Berlin- 
Brandenburg e.V.
1,2
SeSamBB e.V. 1
Abroad (3) ■ Very small: 1
■ Small: 0
■ Middle: 1
■ Large: 0
■ Very large: 0
Biometrics Consortium 
(US)
9
Bank Administration 
Institute (BAI) (US)
11
Financial Services
Roundtable (US)
11
No engagement 13, 15, 16 ■ Very small: 3
■ Small: 0
■ Middle: 1
■ Large: 0
■ Very large: 0
Trade associations either operate on a national level (9 asso c ia tio ns), a regional level 
(4 asso c ia tio ns), or abroad (3 associations). Among the 9 national associations, 6 are 
technical and political association, and 3 are associations for particular international
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markets. 11 out of 16 sample firms engage in a national association, which suggests 
that these are the most important platforms for German biometrics manufacturers. The 
number of mentions is well distributed over the associations, except for TeleTrusT and 
BITKOM above average, with 7 and 4 mentions. Whereas TeleTrusT is an association 
which focuses technical issues like information exchange on standardisation and new 
technologies, BITKOM as the association of the German IT and telecommunication 
industry is more active in political matters. In addition to that, there are several 
associations serving a particular sub-group of firms such as security installers, and 
regional associations.
Considering the relation of engagement in trade associations and firm size I found 
that firms of all size classes engage equally in national associations except for very 
small firms which have difficulties to allocate the financial and human resources 
required to participate actively in the work of trade associations. As firms 13, 15 and 16 
similarly argued, network meetings often take place in another city and small firms find 
it difficult to allocate an entire person day plus travelling expenses. The data also 
suggest that the interests of small firms are more oriented in short-term sales, which is 
not in the centre of association activities. Membership fees are another barrier for small 
firms to engage in associations and firms sometimes re-orientate in trade association 
with lower membership fees if there is more than one association active in the same 
field.
Considering market segments, manufacturers active at TeleTrusT mainly sell to all 
market sectors, whereas BITKOM tends to attract firms selling to the public sector. This 
can be explained with BITKOM’s position as a political association that makes it more 
attractive for firms selling to the public sector. Even though the firms without any 
engagement are all from the private sector, the lack of engagement is related to firm 
size rather than to the market sector. Quite the contrary, I argue that the firms are only 
active in the private sector because small firms like 13, 15 and 16 have little chance to 
acquire public orders, as they are not able to comply with the institutional requirements 
such as certification, as reviewed above. The 3 firms that engage in regional 
associations are either located in the German capital region or in Munich. Clearly, the 
capital region provides optimal opportunities for such networks, considering the vicinity 
of governmental agencies and foreign representatives. Two firms engage in 
associations abroad -  all of them in the United States, which is their target market. 
Interestingly, no firm engages in supra-national associations, e.g. on the European 
level. This suggests that cooperation with foreign biometrics firms is less important than 
cooperation with other German firms.
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By which means do trade associations influence inter-organisational relationships? 
Table 20 illustrates the instruments used by trade associations, put in order according 
to the relevance for firm success.
Tab le  20: Relevance of trade association instruments for firm success
Source: Field studies
Instruments of trade associations Relevance for firm 
success
Bundling and Representation
■ Represent industry interests towards government and agencies ++++
■ Create public visibility for biometrics manufacturers ++-+•■+•
■ Position technology fields towards politics + 4 4
■ Receive information from agencies in political and technical matters 4 4
■ Represent German firms in international negotiations 4 4
Communication and marketing
■ Change the negative public image of biometrics 4 + 4 4
■ Joint external communication of firms 4 4 4
■ Recognise market barriers and approach them
■ Communicate biometrics capabilities to facilitate convenient and fast 4 4 4
processes 4 4 4
■ Show different quality levels in existing biometric products 4 4
■ Support firms in acquiring research promotion projects 4 4
Information and networking
■ Inform about emerging technologies, market situation and firms 4 4 4 4
■ Exchange of information and technology 4 4 4 4
■ Find new partners along value chain 4 4 4 4
■ Establish network structures 4 4 4 4
■ Create trust in inter-organisational relationships 4 4 4 +
■ Inform about interoperability and standardisation issues 4 4 4
■ Inform about European and German legislation 4 4
Sales activities
■ Support in international competition 4
■ Sales promotion 4
■ Contact potential customers 0
The results show that trade associations engage in interaction between firms and 
governmental institutions in four activity fields. A typical task is bundling and 
representation of firm interests. Firms use associations as a mouthpiece towards 
governmental agencies and, vice versa, authorities use trade associations to distribute 
information on legislative initiatives and other issues in an early stage. Depending on 
the individual association, emphasis is either placed on political representation or more 
technical issues. In some cases, trade associations do also support biometrics firms in 
establishing consortia to acquire research promotion projects. Generally, smaller firms
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see a particular chance to increase their visibility in the public by engaging in trade 
associations, yet they do not always have the resources to engage.
In terms of communication and marketing, respondents stated that trade 
associations exert positive influence on their business by supporting the image change 
of biometrics. Firms do also use trade associations for joint external communication, 
e.g. on trade fairs and in the media. Despite the positive influences of associations on 
firm business, respondents remain realistic about the effect of these activities. Several 
firms expressed their impression that agencies seem to take little notice of trade 
associations, which supports the previous finding that governmental policy does not 
particularly engage in the field of biometrics and that this is a barrier for the success of 
German biometrics manufacturers in the coordinated institutional setting.
The instrument respondents referred to the most was that trade associations provide a 
good basis for Information exchange and networking. Here, firms establish trusted 
relationships with partners along the value chain, as the following statement suggests:
We do have partnerships, which are based on meeting each other very regularly 
and that does build trust, because you know where your counterpart is situated 
with respect to his mental state and his principles, so to speak in his 
entrepreneurial alignment. [...] There are certainly companies where we do a lot 
more together today because of the regular contact we have through the 
association activities. (Firm 5)
Similarly, trade associations are perceived as platforms to exchange information 
regarding markets, technologies and matters of standardisation:
The work within the association is always suitable [...] to keep a good overview 
about the players [...]. Very often it is the case that we simply [...] introduce certain 
application scenarios or technologies in professional groups or in expert committee 
meetings to non-members of the associations. And that is certainly a very good 
information platform to view beyond the current focus and see what is happening in 
such markets or in certain technology areas [...]. And the information exchange is 
certainly a viable point of these activities, information exchange between the 
supplier and potential customer and prospects, or even towards standardization.
[...]. A lot of times for example problems with standardisation are brought to 
attention, or recognized through activities in the association. (Firm 10)
The data also indicates a positive influence of trade associations on intra- 
organisational relationships as they facilitate interaction between players at different
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positions in the value chain. Moreover, trade associations have an early warning 
function, as new issues and problems are brought up here, providing firms with 
information at an early stage.
Especially in the public sector it is often the case that certain issues are addressed
very early through associations, also by authorities [...] because authorities would 
like to know from the industry [...] whether technically usable realisations exist and 
which obstacles are present. (Firm 10)
The informal setting of meetings at trade associations is highly valued by firms. Since 
firms are often confronted with the same challenges such as new regulative 
requirements, trade associations provide an opportunity to discuss such challenges 
with other firms, even competitors, uncoupled from projects and customers. 
Inter-organisational cooperation in trade associations is organised in many different 
forms and partners use a variety of instruments, from personal meetings to internet 
forums and social media platforms. As firm 8 notes, associations are platforms for inter- 
organisational cooperation in the microcosm of firms along the value chain, added by 
other multiplicators and decision makers. Although trade associations represent firms, 
their networking activities extend to politicians, authorities, industry, data protectionists 
and NGOs. However, they are not perceived as sales platforms.
These results confirm the literature regarding the high degree of non-market 
coordination in the German business system and the role of trade associations as an 
instrument to institutionalise inter-organisational trust-building in the German industry 
(Casper, 2001; Bachmann, 2010). Considering the complexity of the value chain and 
the structure of market and industry I have argued that successful business in the 
biometrics sector requires inter-organisational cooperation. I have further shown that 
the case of the biometrics industry supports the literature that trade associations are a 
common instrument to institutionalise trust-building in the German business system 
and have a positive effect on the success of firms. Eventually, I have shown the 
instruments which are used to organise institutionalised trust-building and interaction 
between economic actors in the German biometrics industry.
5.4.5 The Institutional Role of Prizes and Awards
Prizes are actually made to show your counterpart that he is not alone with his 
decision. (Firm 11)
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In the course of the field study another non-market coordination instrument with a 
positive trust-building function in inter-organisational relationships emerged from the 
data. During my visits at firms I observed that many of them presented prizes and 
awards at prominent places in the firm’s premises. What kind of external influence do 
prizes and awards have on the success of biometrics firms?
The results show that German biometrics manufacturers are rather successful in 
receiving prominent prizes and awards. For example, firm 3 received 5 international 
awards within 12 months, e.g. for their innovative product design. Similarly, firm 4 has 
received several international and national awards. These firms agree that prizes and 
awards positively influence a biometric firm’s recognition in the market and are a 
considerable sales argument because customers have trust in the firm’s ability to 
realise sound products and projects. This is confirmed by firm 8 that has received 
several innovation awards. It was also noted that prizes and awards differentiate a firm 
against competitors and make their products more known.
A comparable effect is exerted by international public technology tests. One sample 
firm several times participated successfully in the international Face Recognition 
Vendor Test conducted by the National Institute of Standard and Technologies NIST 
(NIST, 2007). This has supported firm success because customers ask for the results 
of these official tests, and the firm was even contacted by prospective customers 
following the publication of test results. The effect of prizes, awards and technology 
tests is independent from firm size. The fact that German biometrics manufacturers 
regularly receive international awards and that they participate successfully at 
international technology tests indicates that internal factors have limited explanatory 
power for the difficult economic situation of sample firms. Prizes, awards and test 
results show that firms dispose of sufficient internal resources and capabilities to 
produce competitive products which are leading in their field. Similar to certificates it is 
evident that prizes, awards and comparative public test results have a trust-building 
function because they reduce the risk for customers when deciding for a certain 
product because it has already been assessed and tested by third parties. As firm 11 
puts it, prizes and awards are used by firms as a marketing instrument to attract 
attention in technological niches.
This is marketing and PR story in order to get attention for an absolute niche topic
and that is most of all another impulse. (Firm 11)
Concluding the discussion about trust in inter-organisational relationships, the field data 
confirm the literature that firms establish inter-organisational relationships to coordinate
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interaction with other economic actors by bridging informational gaps (Ring and Van 
der Ven, 1994; Lane, 2000; Bachmann, 2001). Supporting the literature, biometrics 
firms in the coordinated German institutional framework organise these relationships in 
a way which is supported by the institutional environment, particularly a high level of 
inter-firm authority sharing and institutionalisation (Casper, 2001; Lane and Probert, 
2005; Carlin and Soskice, 2008). The German biometrics industry provides a case for 
the argument that such inter-organisational cooperation is particularly required to share 
resources, knowledge and risk in innovative high-tech industries (e.g., Bachmann, 
2001). Trust is perceived as a prerequisite for successful inter-organisational 
cooperation in markets with high uncertainty, which confirms the findings of the 
literature review (Perks and Halliday, 2003). The data show that the success of 
German biometrics manufacturers as a group of new high-tech firms in a knowledge- 
based industry with a complex value chain depends on their ability to organise efficient 
cooperation with economic actors along the industry’s value chain. Among trust- 
building instruments trade associations play a central role and are a more relevant 
instrument of cooperation than mutual cooperation contracts, which confirms previous 
studies (Bachmann, 2009 and 2010). Beyond that, the results of the field study support 
the finding of Tate (2001) that trade associations have a strong role in fostering 
technical standardisation.
However, the results do not support secondary sources where it has been argued that 
the transfer of innovations and knowledge from science to business in Germany, as 
well as in the German security industry, is not efficiently organised. Quite the contrary, 
inter-organisational relationships are well-organised and have a positive influence on 
firm success.
The field study has also revealed that prizes and awards are another instrument to 
institutionalise trust in the German biometrics sector. They reduce uncertainty for 
business partners in an unstable business environment and a difficult market as it is 
the case in the biometrics business, which supports the theorists who argue that trust is 
particularly essential in volatile and difficult markets (Perks and Halliday, 2003). 
Similarly, comparative public technology test results have high influence on firm 
success; positive or negative depending on the test results. In all market segments and 
over all groups of biometrics manufacturers, prizes, awards and comparative public test 
results have a trust-building function and are used as an instrument to institutionalise 
trust in the coordinated German institutional framework, which is a new contribution to 
the literature on trust in inter-organisational relationships.
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5.5 Patterns of Firm Financing
On the one hand we do have a technology affinity there and more favourable 
industry research politics over all. This means, that especially venture capital or 
even sovereign funding for high technology areas are much stronger in the US, as
this is the case in Germany.
As reviewed above, a particular sectoral policy in the field of biometrics does not exist 
in Germany and the few existing, isolated policy-related instruments are not strong 
enough to enable biometrics manufacturers to establish as a new high-tech industry in 
the coordinated German market economy. Considering the influence of the national 
business system on firms, researchers have argued that the structure of the German 
financial system and capital market is one of the institutional factors which support a 
more evolutionary type of business (Whitley, 2000; Hall and Soskice, 2001; Whitley, 
2003; Hassel and Williamson, 2004). The financial market has been identified as one of 
the five defining features of the coordinated market economy by varieties of capitalism 
theorists (e.g., Carlin and Soskice, 2008). It has been argued by previous researchers 
that the German financial system is characterised by bank-centred financing and 
limited availability of financial resources from venture capital as well as the stock 
market (Hall and Soskice, 2001; Whitley, 2003; Casper and Whitley, 2004; Hassel and 
Williamson, 2004). As I have shown above, the availability of financial sources is of 
particular interest for biometrics firms because the development of biometric products 
requires substantial investments over a long period of time before R&D amortises with 
returns from the market. Therefore, this section is concerned with the question whether 
the particularities of the German financial system discussed in the literature are visible 
in the German biometrics industry, whether firms are able to raise sufficient financial 
resources and how these patterns influence the success of sample firms.
Germany is, as I said, in my point of view a developing nation for finance and 
financial services, which means to provide capital or provide financing for young 
entrepreneurs. Financing will be provided but often for hyped topics, which will 
deflagrate. (Firm 9)
As reviewed in chapter 2 it has been shown by previous researchers that the German 
capital market is not ideally structured to facilitate high-tech start-ups and 
entrepreneurship considering the bank-centred system of firm financing and the limited 
availability of venture capital or other forms of finance alternative to bank financing. The 
field data supports the literature regarding these patterns. Sample firms find it difficult
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to acquire sufficient financial resources and many of them perceive this as a system- 
related problem of the German financial system:
Yes, this microcosm [...] is missing, the manufacturer, the user, the investor, and
the actual catalysts, like media and decision makers, who -  let’s say positively 
influence, bring together, and move forward [...] at least I have not seen this in 
Germany in this sense. (Firm 8)
Several respondent addressed difficulties in financing innovations and technical 
developments. Firm 9 argues that German engineers would create high-tech 
innovations but there was hardly follow-up financing to establish them as products in 
the world market. Particularly, the availability of venture capital has been limited since 
the end of the dot-com bubble at the beginning of the new millennium. Since then, the 
banking and financial crisis has further limited the availability of venture capital, as the 
following statement illustrates:
There are some bright minds here, which have also shown in the past that 
biometric systems can be developed in Germany at highest level. [...] But what 
ultimately is always missing in German companies is the follow up financing over a 
couple of millions in order to bring such a product to the global market and 
establish it as soon as possible. Because from my point of view there is no more 
capital on the German venture capital market [...] since the new economy bubble 
and then the huge financial crisis two years ago. And especially in biometrics there 
is no more funding from venture capital. You either have to finance from large 
foreign companies, who will swallow you completely with their investment, or you 
have to finance everything with [...] equity. (Firm 9)
Beyond venture capital, the availability of alternative sources of financing is also limited 
because there is also no capital market comparable to the NASDAQ in the United 
States to finance start-ups with an initial public offering (IPO).
There is no such market in Germany, or it is just forming with an open market on 
the Frankfurt Stock Exchange, like in the US, I would like to say, an OTC-Market or 
a NASDAQ, where you can gather your needed capital over ten years from 
investors with a listing on the market. (Firm 9)
The perception of Germany as a "developing country” in financial services is echoed by 
respondent 16 stating that the German banking and financial system would hinder
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technological progress. A similar perspective is provided by firm 2 which received 
financial support from Swiss banks during a difficult economic phase, while German 
banks denied giving a credit.
The data indicate that financial investors have become cautious because biometric 
technologies have not penetrated the market as expected and past investments could 
not be amortised.
So much money has been burned in biometrics in the past 15 years and investors 
walked away with a black eye [...] so that the investors are still very reluctant with 
the entire issue. (Firm 9)
This does also confirm the literature concerning the general situation in the German 
venture capital market (Achleitner et al., 2009). I have argued in the literature review 
and in the previous sections that research and development in the biometrics sector is 
time and cost-intensive and start-ups must be able to survive years without appropriate 
returns to amortize their initial investments. This argument is backed by the field data:
If you developed a new technology it takes two years and it will be built somewhere 
in Asia for a fraction of the cost and you already have to present the next 
innovation. And this is the actual core of this kind of firms. Always stay innovative; 
always keep the ball rolling with the latest products. And this in turn requires a lot 
of research and development activities, which then leads to high capital needs.
(Firm 5)
Consequently, the lack of capital from the German capital market urges firms either to 
finance R&D with own capital resources, which most firms do not have due to their 
small size and limited returns, or to search for other investors.
It is simply impossible to survive in the German biometric market [...] without 
investors. Because you cannot survive with sales, that is not possible. (Firm 9)
This might be an explanation for the frequent acquisition of foreign investors in German 
biometrics manufacturers in the past years as discussed in chapter 4. The literature 
suggests that liberal economies tend to provide more equity for mergers and 
acquisitions and place less restriction on economic actors to engage in such 
transactions (Hall and Soskice, 2001). This corresponds with what can be observed in 
the biometrics sector. The constant financial return from large public sector projects to 
the American biometrics industry has enabled the formation of large biometrics firms
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which then had sufficient financial strength or sufficient support by institutional 
investors to acquire firms in the German biometrics industry which are still small and, 
therefore, have a low firm value. It can be argued that the institutional framework does 
not provide comparative advantages for this kind of firms, which limits the business of 
firms and eventually leads to a low firm value that enables acquisitions by firms from 
abroad which have been supported by their government. For example, American 
biometrics firms like Viisage and L-1, which had grown under the support of a focused 
sectoral policy as I have shown above, have acquired German face and fingerprint 
recognition firms. As a result, several leading international biometrics firms today use 
technology with direct or indirect German roots, e.g. L-1, Crossmatch and NEC. These 
large international players used the acquisition opportunities to bundle knowledge in 
different biometric technologies, broaden their portfolio and create large multi-biometric 
firms. The field data supports my argument that the buy-out of German firms has been 
to some extent caused by the difficulties of German manufacturers to obtain financial 
resources on the capital market. Firm 9 refers to the issue of entrepreneurial culture 
when noting that in the United States, an overindebted biometric firm without any sales 
could yet be considered valuable and receive further financing, whereas this was 
hardly possible in Germany.
In Germany if you have a balance sheet, like a competitor of ours, where you have 
15 million in debt, than you are actually dead. In the US, if you have 15 million in 
debt, you will be worth 20 million on the stock market. (Firm 9)
This is particularly interesting as 6 out of the 16 firms I interviewed are overindebted 
and several others show negative equity trends in their balance sheets. Eventually, the 
overall institutional situation and the limited availability of capital puts pressure on firms 
to leave Germany as the following statement shows;
But there is a point som ewhere, just like with us right now, that you have to say to 
yourself, if there won’t be capital invested from the outside, then we will just move 
to a foreign country. Why should we subject ourselves to this entire environment?
(Firm 9)
Against this background, respondents call for improvements in the structure of the 
financial system. Primarily, they demand easier access to financial instruments like 
bank credits and venture capital. Firms would like to see the conditions for German
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technology start-ups designed more business-friendly, e.g. in terms of bureaucracy to 
start business, report obligations and other obstacles.
In summary, the empirical results reflect the patterns of the German financial system as
they have been discussed in the comparative institutional literature (Hall and Soskice, 
2001; Whitley, 2003; Hassel and Williamson, 2004), for example considering the focus 
on bank-centred financing, as well as the limited availability of financial resources from 
venture capital and the stock market. Generally, the data show that respondents 
perceive barriers in the capital market that hinder further growth because they prevent 
access to the financial resources urgently needed by biometrics firms to finance cost­
intensive, long-term technological developments. As returns from the market do not 
suffice to amortise the high investments and R&D costs required to bring biometric 
products to the market, the financial situation of many firms is extremely strained. 
Considering that the innovation cycles in the biometrics sector are rather long and 
require a steady flow of investments to finance research and development over several 
years, the limited availability of financial sources has a negative influence on German 
biometrics manufacturers. This does not only contribute another example to the 
literature that knowledge-based high-tech firms have difficulties to grow in a 
coordinated institutional framework; these findings do also support my argument that 
the commercial success of German biometrics manufacturers depends to a large 
degree on the wider external, institutional firm environment, and presently this 
environment is structured rather unfavourably.
5.6 Privacy and Data Protection
Germany is world champion in data security [...] and in the US things are handled 
much more liberal, and the individual citizen is not as concerned about privacy. 
Keeping biometric data in some system is always a step where the individual will 
ask himself, “Do I want this? What is going to happen with it?”, and in this respect 
people are more diligent in Germany and Europe. It is general culture to question 
things much more in the middle European sphere than in the US, whereas you 
would say in the US; “Well, I don't care; I will do it this way as it seems practical.”
(Firm 5)
Beyond the institutional factors discussed so far, privacy and data protection concerns 
emerged as an additional factor in the institutional environment that was not visible in 
the strategic management and political economic literature; nevertheless, it exerts 
considerable influence on the commercial success of firms. Even though issues of 
privacy and data protection have been discussed as an ethical issue in the literature.
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little research has been undertaken to study the influence of such considerations on 
firms as an institutional factor. A possible explanation for the lack of detailed discussion 
of this topic in the literature might be that previous researchers have undertaken 
research in industries where issues of privacy and data protection play a less critical 
role in public perception.
In the literature, ethics is discussed as the discipline of philosophy which is concerned 
with moral, demeanour and acting of man. Ethical considerations attempt to find the 
foundations of good and useful actions and cooperation (Kunzmann et al, 1996). Chia 
characterises ethics as one of “the four pillars of metaphysics” (Chia, 2002:2), dealing 
with “moral evaluation and judgement” (ibid: 3). The academic technical and political 
scientific literature show that ethical concerns against biometric methods are raised 
due to concerns that biometric technologies might invade citizens’ privacy (e.g. 
Prabhakar et al, 2003), which is backed by secondary sources (Lodge, 2006). A 
particular issue is the fear of central data collection, which could enable authorities to 
connect different data sources to comprehensive movement profiles of citizens (Busch, 
2006; Liberatore, 2007; Most, 2009; Künzel et al, 2009). The discussion about privacy 
and data protection in the context of biometrics is characterized by a remarkable 
discrepancy. Un the one hand, secondary sources suggest that biometrics are 
perceived as an instrument that may harm informational self-determination and privacy 
(Nolde, 2002; Keesing, 2009 b). On the other hand, the technical literature shows that 
biometrics methods can be used effectively to protect personal data from abuse and 
enhance privacy of users in comparison with less secure methods of authentication 
(Jain et al, 2004). The European Commission’s position is an example of this 
discrepancy. While acknowledging that biometrics may have negative impact on 
privacy and that it is necessary to balance security and privacy concerns, the 
commission also argues that biometrics may have the potential to enhance privacy by 
protecting sensitive data from being accessed by unauthorized persons (Maghiros et 
al, 2005). This shows that ethical issues strongly influence the strategic environment of 
biometrics: Reducing ethical concerns would strengthen the biometrics market in 
Germany and positively influence the business of German biometrics manufacturers. 
Lodge (2006) postulates that ethical issues regarding biometrics must be addressed on 
three different levels: First, institutional political control, second, technical and political 
processes, and third, the regulatory framework. The definition of such policies is a key 
task of the stakeholders involved, particularly, the industry, authorities, academic 
research, and civil liberty groups. Similarly, in their frequently cited article Jain et al. 
note that the success of biometrics depends on a combination of several technical, 
practical and ethical factors:
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A practical biometric system should meet the specified recognition accuracy, 
speed, and resource requirements, be harmless to the users, be accepted by the 
intended population, and be sufficient robust to various fraudulent methods and 
attacks to the system." (Jain et ai, 2004:2)
These reflections suggest that privacy and data protection concerns are an institutional 
factor in the German business system which particularly relates to new security 
technologies, such as biometrics. Against this background I studied how ethical 
concerns of market participants with respect to privacy and data protection influence 
the success of German biometrics manufacturers. The results provide evidence that 
the influence of public privacy and data protection concerns on sample firms is 
negative.
The topic of privacy, data security and so on is taken very seriously in Germany 
[...]. However it does stand in the way of such systems and this might slow down 
the applications in Germany. Hence we focus more on the foreign market with this 
product. (Firm 4)
This finding does not question the necessity to respect privacy and establish a sound 
data protection framework for biometric systems. Quite the contrary, sample firms are 
aware that firm success depends on the ability to respond to such concerns. Most 
respondents agree that it is in the responsibility of firms to handle personal data 
carefully: however, they also agreed in that data protection issues prevent a more 
widespread use of biometrics in Germany.
The extreme low interest for biometrics in Germany, almost to the point of being 
hostile towards biometrics, could lead to believe that we have curbed much of the 
professional activities, most of all on the German market. (Firm 16)
The data show that firms tend to withdraw from the German market due to the high 
data protection requirements. This backs my argument that privacy concerns have 
become an institutional factor in the German business system, which exerts 
considerable influence on the economic decisions of firms in the biometrics industry.
The framework for data protection in all market segments is defined by the Federal 
Data Protection Act (Bundesdatenschutzgesetz, BDSG). The field study's results show 
that sample firms do not perceive this legal framework as negative for firm success. 
Nevertheless, I found that privacy concerns, which are publicly discussed on a large
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scale, exert a negative influence on the business of German biometrics manufacturers 
because they contribute to the negative image of biometric technologies and lead to a 
lack of acceptance of biometric technologies.
Considering intra-group differences, the intensity of influence of privacy concerns 
depends on the use case. For example, the introduction of an open public sector 
system (e.g., a central civil registry) causes more privacy concerns and exerts a more 
negative effect on firms than on, for example, the installation of a power plant's access 
control system. Even in the context of a particular application, the impact depends on 
the organisational and technical system design. An access control system storing the 
biometric user data only on user smart cards encounters less legal and societal 
barriers than a system storing the same data in a central data base. In the public sector 
the influence of data protection is often institutionalised through standardisation and 
certification requirements. On the one hand, these requirements result in higher costs 
and make public sector projects more unattractive for firms which are not able to invest 
in certification processes. On the other hand, I found that firms which are already 
established in the public sector benefit from such requirements because they function 
as barriers to entry against biometrics firms from the private sector and from abroad. 
This supports the literature as well as the findings of this study concerning the positive 
institutional effect of technical standardisation and certification on firm success in the 
public sector.
Considering the reasons of public reservation towards biometrics, the results show that 
citizens associate fingerprints with police records because fingerprints have been used 
for more than 100 years in forensic investigation (Galton, 1892; Guthrie and Jenkins. 
2005; Hamann, 2007). Since fingerprint recognition is the most used biometric 
technology, this negative conceptualisation is transferred to other biometric 
technologies. The data also revealed a paradox concerning the handling of personal 
data by citizens. While users have reservations to give their facial and fingerprint data 
to sovereign applications even though these applications are covered by the restrictive 
German data protection law and controlled by the Federal Commissioner for Data 
Protection and Freedom of Information, they have less reservations to give sensitive 
personal data to private firms, e.g. social media networks, even though the latter might 
be less restrictive in terms of data security and even store and manage the data 
abroad. This paradox becomes even more visible considering that social media 
platforms increasingly enter a similar same technical field like biometrics manufacturers 
by introducing face recognition to identify and match users (e.g., friends), often without 
their consent and without sound regulation (e.g., Blakley, 2011).
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A certain resentment is still present, I have to give them my biometric features, 
can't this be duplicated, what kind of abuse could happen. Sometimes you can't 
even understand the topics which are brought up, because these very same
people put god knows what personal information on facebook, without wasting a 
thought on it. (Firm 6)
The data show that privacy concerns are often associated with the governmental use of 
security technologies but ignored with respect to private sector applications, especially 
when users find these applications useful and attractive. Respondents explain the 
particular negative perception of public sector systems with the fear for governmental 
surveillance:
If you have released your biometrics you cannot take them back [...] You can be 
sure that the technology and the technique is going to improve, perhaps you will be 
able to isolate a person from a phone call, or you can check on door knobs and 
see who went in and out [...]. Looking at this I can personally understand that there 
is a certain sensibility towards biometrics, which could create some fear [...] with 
respect to a police state. (Firm 8)
Sample firms are aware that it is beyond their abilities to change this phenomenon. 
They state that data protection law should not be changed; rather, technology should 
adapt to the law. Realising tat compliance with these regulations is a fundamental 
requirement for firm success in the German market, biometrics manufacturers have 
high interest that biometric data are not abused. Nevertheless, they perceive the public 
discussion about the potential violation of privacy with the means of biometric 
technologies as limiting for their business:
The topic that you can design biometrics in a data security friendly way should be 
enforced and communicated in my point of view, as in the general public biometrics 
is seen as [...] something where you release something private, which you cannot 
take back [...] and the bottom line is that this is inhibiting for the business. (Firm 8)
As a result, data protection issues even influence the technical path of development in 
the biometrics sector. For example, the reluctance of people to have their biometrics 
stored in a central data urges firms to develop solutions where biometrics are stored 
only locally in the hands of users, e.g. on smart cards.
In summary, the political scientific literature is supported that the use of biometrics is 
commonly related with ethical issues. Particularly, the data confirm the technical
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literature (e.g. Prabhakar et al, 2003) and secondary sources (Lodge, 2006) that ethical 
concerns against biometric methods are raised due to concerns that biometric 
technologies might invade citizens’ privacy, which has also been expressed by political 
scientific researchers pointing to the widespread fear of central data collection by public 
agencies (Liberatore, 2007). I conclude that privacy concerns and data protection 
regulation are an institutional factor in the German business system that particularly 
influences firms in security-related industries such as biometrics. The influence of this 
institutional factor on the commercial success of German biometrics manufacturers is 
significant, and the overall effect is negative both on firms selling to the public sector 
and firms selling to the private sector. Even though sample firms are aware that 
compliance with data protection requirements is a critical foundation of their business 
and seek for ways to design biometrics products in a privacy-friendly manner, the 
negative public perception of biometric technologies limits the business of biometrics 
firms and exerts a strong negative effect on firm success. These findings contribute a 
new aspect to the comparative political economic literature which appears to be 
specific to the security and biometrics industry; however, future research should study 
whether these findings are transferable to other security-related industries.
5.7 Strategic Reactions of Sample Firms to External Factors
In this section I discuss the strategies sample firms have developed in reaction to the 
external, institutional factors studied. In the course of data analysis I realised that the 
majority of sample firms are rather small and do not have a sophisticated strategic 
management; instead, decisions are made with a hands-on approach. Nevertheless, 
the data points to some patterns in strategic behaviour of firms which might be a result 
of external, institutional impacts. The results show that sample firms pursue rather 
different strategic approaches. Some have developed strategies which orient in 
technologies but pay little attention to corporate-level issues; while others follow a high- 
level corporate strategy. Although not all strategic decisions are related to the factors 
discussed above, some of them clearly do.
I found four strategic approaches that are pursued by firms in reacting to the external, 
institutional influences studied: First, although most manufacturers are small firms, 4 
out of 16 pursue an internationalisation strategy. This is motivated by low sales 
volumes and a lack of projects in the German market which are a consequence of the 
institutional setting, as I have shown above.
I would like to say that I don’t see anything positive for the German market. I am
telling you open and honest. It is simple; w e also went abroad, to Asia. There will
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be very nice projects from Germany, fundamental research, but it will be just the
sam e like back then with the IVIP3, like I said before, in Germ any you will have the
fundamental research, but the standard for the market will be set abroad. (Firm 9)
This statement clearly shows that internationalisation can be interpreted as a reaction 
to the current institutional setting in Germany. Second, 5 out of 16 firms follow 
strategies focusing on intensifying inter-organisational relationships. This illustrates 
that firms are aware of their dependency on trusted long-term relationships to bring 
their products to the market. In two cases, this goes as far as forward integration as 
two firms plan to become system integrators themselves. This shows that that the 
combination of manufacturing and system integration (either through inter- 
organisational relationships or through internalisation of relationships) is critical for 
success and respondents see more business opportunities in providing the entire 
system than only selected components and products. Overall, these results confirm the 
literature that the quality of inter-organisational relationships significantly influences firm 
success.
Third, three firms plan to enter additional customer market segments because they 
are not able to realize sufficient business in their current segment. For example, one 
firm plans to expand business from industry customers (B2B) to end consumers (B2C), 
which indicates that the German market is too small to allow firms focusing on a single 
segment. I have shown in the previous sections that the small market size has roots in 
the German institutional setting. Beyond these three strategic patterns I found that the 
other strategic patterns displayed in the table are not as clearly linked to external 
factors; even though there are some notable relations. Fourth, several respondents 
reported on plans to further differentiate their product portfolio. This indicates that 
firms are not satisfied with the commercial return of their existing products in the 
market. As product differentiation requires substantial investments, firms are under 
pressure to find additional sources of financing, which relates to the particularities of 
firm financing as discussed above. Two firms have no explicit strategy in the field of 
biometrics. Only two firms pursue a price-related strategy, both of them as a price 
leader, which indicates that price is not in the centre of biometric manufacturers’ 
strategies. Overall, the data does not indicate differences regarding strategic reactions 
between firms selling to the public sector and firms selling to the private sector. The 
following table displays the strategic reactions of sample firms.
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Table 21 : Strategic approaches of sample firms
Source: Field studies
Strategy Characteristics Firm
No.
External approaches
Enter new customer ■ Enter private sector 4
segments Enter public sector 2
Enter end customer segment 8
Internationalisation Enter markets abroad 4
- Sell products worldwide 8
■ Exit the German market due to market barriers, enter 
international markets
9
Focus on international markets due to low business 
volume in Germany
16
Extension of inter- Extend existing sales channels, work more with partners 4
organisational - Establish project business with local partners 2
relationships Use parent firm as the only sales channel 13
Search for large partners to develop technology further 
and integrate it into partner's devices
16
Engage in trade associations, networks and cooperative 
research projects
1
Forward integration: Become a system integrator 2. 5
Product Differentiate products, few standard products 1
differentiation Position fingerprint in low price and veins in high price 
segment
6
Penetrate customers in different segments, e.g. safes, 
doors, access control systems, weapons and use their 
established sales channels
2
Become independent from only one sensor, open new 
technology fields, e.g. vein recognition, work on 
multimodal biometrics (finger + vein, finger + face)
15
Customer service Be faster than others in development and delivery 12
Support customers with their own projects; make sure 
that first-time customers come again
14
Technical approaches
Innovation
leadership
Innovation and world market leadership in touchless 
fingerprint biometrics and in live detection 
Market the first certified touchless fingerprint sensor 
Invest in basic research
5
Technology ■ Lead in algorithm performance 4
leadership ■ Lead in technology and processes 11
■ Have the best product performance 12
Market leadership ■ Become market leader in Germany in the fingerprint 
OEM business
15
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Extend product 
portfolio
■ Be a full-range supplier providing all fingerprint scanners 
" Develop multimodal biometrics solutions
7
5
Focus on
technological niche
■ Focus on niche products with high quality, e.g. migration 
of biometric components into web-based designs in 
combination with time and access management
■ Focus only on fingerprint, with highest expertise
1
7
Product
enhancement
■ Provide a modular product design and let customers 
choose module combination
■ Provide broad spectrum of different technologies
■ Extend product line
■ Reduce effort for customers (plug and play)
■ New applications, system extensions, new features
3
6
12
Price-related
strategies
Price leadership ■ Offer best prices
■ Become price leader, using low-cost manufacturing and 
combination of passport and fingerprint scanner
12
16
No explicit strategy 3, 10
In summary, the data confirms the literature that the institutional framework influences 
the business of biometrics firms and that firms interact with these institutions by 
aligning their strategy according to the institutional setting in which they operate (e.g.. 
Hall and Soskice, 2001). There is evidence that organisational strategies of firms reflect 
their reaction on the institutional influences discussed in the previous sections. The 
field data answers the research question in how far the wider external, institutional firm 
environment influences the organisational strategies of German biometrics 
manufacturers. There are four patterns how firms react to the institutional influences 
discussed in the previous sections: Entry into new customer segments,
internationalisation, extension of inter-organisational relationships and product 
differentiation. These patterns relate to all three types of market segmentation which 
are used in the biometrics industry, which are customer-oriented, geographical and 
technological segmentation.
5.8 Modified Conceptual Map
At the end of the literature review I have displayed the influence of external, institutional 
factors on firm success in a conceptual map, which has then been the basis for my 
research aims and questions. Based on the results of this study, I modified the 
conceptual map as follows. First, I added privacy and data protection as an additional
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external factor. Second, I decided to split the conceptual map into two separate maps 
for the public and the private sector because the data suggest that there are significant 
differences between the market sectors regarding the way external, institutional factors 
influence firm success, with what strength they do so and how the influence takes 
effect in practice. Third, I visualised the strength and direction of influence of every 
single factor with plus and minus, ranging from three plus signs (very positive) to three 
minus signs (very negative). Fourth, I added the most relevant instruments of 
institutionalised inter-organisation cooperation between economic actors in the German 
biometrics industry; and fifth, I added the strategic reactions of firms in the conceptual 
map.
• Trade Associations
• Quasi-public research 
institutes
• Prizes & Awards
Enter additional 
customer market 
segments
Firm strategy
Commercial
Privacy and data 
protection
Industry-specific 
rules: Tedviical
standardisation
Intensify inter- 
organisational
relationships
Internationalise Differentiate 
product portfolio
International, 
quasi-govemmental 
security policy
Financial system: 
Financing 
patterns of firms
National
governmental 
security policy
German
Biometrics
Manufacturers
Sectoral
technology
policy
Inter-organisational
relationships & 
Trust
Figure 8: Modified conceptual map for firms selling to the public sector
Source: Field studies
The conceptual map for the public sector shows a very strong influence of international 
quasi-governmental security policy and technical standardisation on firm success. It 
shows a strong positive influence of national security policy and inter-organisational 
relationships. It further shows a negative influence of the lack of a sectoral policy and 
financing patterns, and a strong negative effect of privacy and data protection.
The conceptual map for the private sector displays a different picture. Here, the 
influence of international, quasi-governmental security policy, technical standardisation 
and national security policy is only moderately positive. The influence of inter- 
organisational relationships is comparably positive like on firms selling to the public
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sector. In contrast, the lack of a particular sector policy only moderately negative 
affects firms selling to the private sector because in the private sector, firms do less 
depend on governmental support to achieve commercial success. The negative 
influence of financing patterns and privacy concerns on firms selling to the private 
sector is similar like on firms selling to the private sector. This answers the second 
research question how external, institutional factors influence the success of German 
biometrics manufacturers.
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Figure 9: Revised conceptual map for firms selling to the private sector
Source: Field studies
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6 Conclusions and Reflections
There is evidence that German biometrics manufacturers are deeply embedded in the 
institutional framework of the coordinated German market economy. With respect to 
the research questions, this study provides four major findings. First, the coordinated 
institutional framework exerts significant external influence on firms by supporting or 
limiting business activities, as the political economic literature suggests (Hall and 
Soskice, 2001). The results allow the conclusion that the commercial success of 
German biometrics manufacturers is essentially influenced by the external institutional 
environment. In contrast to the prevailing resource based view in the strategic 
management literature (e.g., Prahalad and Hamel, 1990) I found that internal factors 
have limited explanatory power for firm success, considering that even firms which 
dispose of excellent resources, core competencies and capabilities struggle 
economically due to the limiting influence of the institutional environment. 
Consequently, firms in this sector which only focus on the optimisation of internal 
success factors have difficulties to survive even if they provide excellent internal 
capabilities because the German institutional framework does not support this type of 
high-tech industry. The constitution of the wider external firm environment has more 
explanatory power for firm success in this sector than internal resources and 
capabilities, presuming that firms have a sufficient level of competencies in their 
business.
Second, I found that supra-national, quasi-governmental security policy exerts 
essentially supporting influences on German biometrics firms. Although this institutional 
factor has not been discussed in the varieties of capitalism literature, there were 
indications in the political scientific literature that such policy could be a critical driver of 
firm success in the biometrics sector (Balzacq and Carrera, 2005; Aus, 2006; 
Liberatore, 2007). The review provided the conceptual ground for further empirical 
investigation on the role of international security policy in the field study. I found that 
international, quasi-governmental security policy exerts a strong positive influence on 
the performance of German biometrics manufacturers; particularly on firms selling to 
the public sector, because it has created significant market demand by means of a 
worldwide regulatory framework. This framework has required the establishment of a 
new security architecture, which is based on the use of biometric technologies. This 
supports theorists arguing that the constitution of governmental policy decisively 
supports or limits the emergencies of new knowledge-based high-tech firms (e.g., 
Whitley, 2008; Casper, 2009), as well as strategic management researchers who have 
argued that market and industry-related factors in the wider external environment of
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firms can decisively influence firm success, e.g. considering the Five-Forces-Model 
(Porter, 2008). However, the policy-related influences in the field of security policy are 
created on a supra-national level and are independent from the type of business 
system. As they are exerted similarly on firms in coordinated and liberal market 
economies, it is a particular contribution to the body of knowledge that international 
quasi-governmental security policy stimulates institutional convergence of different 
economies with respect to security-related industries that are affected by these 
regulations, such as the biometrics industry. Nevertheless, it can be concluded that 
overall institutional stability is preserved because the influence of international security 
policy is industry-specific and governments have flexibility in implementing the 
regulatory framework into national policy. Since international standards are a minimum 
requirement, governments can go beyond these minimum requirements, and they can 
also apply the regulations in different ways. I further conclude that varieties of 
capitalism theorists and other comparative political economic researchers should 
consider the role of international and supra-national, quasi-governmental institutions in 
future studies, particularly in security-related industries, but as well in other industries 
to study whether this finding is limited to the biometrics industry, relates to a certain 
type of security-related industries, or can be generalised. Concerning intra-group 
differences, international quasi-governmental security policy and the subsequent 
legislative initiatives have a strong positive influence on firms selling to the public 
sector but only moderate influence on firms selling to the private sector. Paradoxically, 
security policy on the one hand functions as a supporting institutional factor and, on the 
other hand, contributes to privacy concerns in the German population which exert a 
negative influence on the commercial success of biometrics manufacturers.
The third major finding relates to the results of the literature review in the field of 
sectoral technology policy. Contrary to the literature (e.g.. Hall and Soskice, 2001), 
biometrics firms in the coordinated German market economy are less suppnrted by 
governmental sectoral technology policy than biometrics firms in the liberal American 
framework. This stands in contrast to previous studies in the Varieties of Capitalism 
literature (Vitols, 2001) and is a specific pattern in the security-relevant field of 
biometrics where national security interests urge authorities to involve more directly in 
coordination activities with firms than in other industries. As a consequence, national 
security interests superimpose the overall institutional trend. The results are similarly 
different to Casper (2000 and 2009), who provided the German biotech industry as an 
example where an active sectoral policy has fostered the growth of a new high-tech 
industry within the coordinated institutional framework. This study provides the 
biometrics industry as an example where the core firms have not been able to grow
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successfully against the overall comparative advantages within the coordinated market 
economy, which support a more incremental type of innovations and firms. However, 
the results are not generally opposed to previous studies as far as the essential role of 
governmental policy for new high-tech firms in a coordinated market economy is 
concerned, yet this study provides an example where such focused and active policy 
does not exist. There is evidence from this study that the lack of such policy negatively 
impacts firm success in the German biometrics industry. Although there is a positive 
influence of selected policy-related instruments on firms selling to the public sector, 
these instruments have a very limited effect because they are applied only occasionally 
and on a limited financial level. There is also a lack of follow-up promotion after funded 
projects have been finished and the transfer process from research to marketable 
products is not supported.
The results lead to the conclusion that those theorists who have argued that the 
German institutional framework creates rather system-related, incremental innovations 
but does less support the creation of radical innovations in high-tech industries are 
confirmed (e.g. Whitley, 2000). Unlike previous studies have suggested for other 
industries (e.g., Whitley, 2000; Casper, 2009), the German biometrics industry provides 
an example where new technology firms are not able to succeed in a coordinated 
market economy because firms are not supported by a focused governmental sectoral 
policy (Casper, 2000 and 2009). As a consequence, German biometrics manufacturers 
cannot break through the institutional setting of the coordinated political-economic 
framework. This might be an explanation why this high-tech industry has difficulties to 
establish in Germany and firms are struggling economically. Nevertheless, the lack of 
such sectoral policy is to a certain degree compensated by the strong positive influence 
of international and national security policy. German biometrics manufacturers are 
significantly more positively influenced by international security policy than by sectoral 
policy instruments.
Fourth, I found that privacy concerns emerged as an additional institutional factor 
which has not been discussed in the varieties of capitalism literature but in other 
literature streams, notably the technical literature in the field of biometrics (e.g. 
Prabhakar et al, 2003) and in the political scientific literature (e.g., Liberatore, 2007). 
Without questioning the indispensability of privacy and data protection, this study 
provides evidence that these concerns have a negative impact on the commercial 
success of German biometrics manufacturers. Considering market segments, data 
protection concerns exert a more negative influence in the public sector than in the 
private sector. Sample firms are aware that compliance with data protection 
requirements is a critical foundation of their business and seek for ways to design
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biometrics products in a privacy-friendly manner. It can be concluded that privacy 
concerns are an institutional factor in the German business system which particularly 
limits the business of biometrics manufacturers and exerts a strong negative effect on 
firm success. This finding contributes a new aspect to the institutional literature which is 
specific for the biometrics industry but might be transferable to other security-related 
industries. Future research should deepen the study of ethical issues related to the use 
of security technologies and determine the role of such issues as an institutional factor 
in market economies. In this context, studies could further focus on the institutional 
particularities of privacy concerns and data protection regulations in the German 
coordinated market economy.
There is further evidence that positive external influences are exerted by industry- 
specific legal and technical rules. Confirming previous studies, technical standard- 
setting is used as a non-market coordination instrument in Germany which positively 
influences firms by facilitating inter-organisational cooperation and inter-institutional 
interaction (Tate, 2001; Casper and Whitley, 2004). The influence of international 
technical standardisation is equally exerted on different types of market economies 
because it is generated by international institutions and exerted on firms worldwide. 
Considering intra-group comparisons, the data show that standards exert a strong 
positive influence on firms selling to the public sector but only moderate influence on 
firms selling to the private sector, which can be explained with the different application 
scenarios and project characteristics in which biometrics are used in these market 
segments, as discussed in chapter 5. In contrast, firms selling to the private sector tend 
to perceive proprietarity as advantageous because proprietary technologies tie 
customers to vendors. They argue that proprietary technologies may contain more 
information, show higher performance, and have a lower risk of being attacked in 
comparison with standardised technologies. Standard-compliant firms perceive 
standards as a useful instrument to distinguish “high-tech” and “low-tech” firms. Vice 
versa, firms that are not compliant often perceive standards as an instrument to keep 
competitors out of the market. Altogether, the data suggests that standards have a 
trust-building function between economic actors in the German biometrics industry, 
which supports the literature on trust in inter-organisational relationships (e.g., 
Bachmann and Zaheer, 2008).
A new contribution to the literature is that standards can also exert negative influences 
by erecting market barriers for new firms which provide alternative technologies, for 
example, if they define technical details instead of regulating the general requirements 
for the use of technologies. Standards prescribing existing technologies tend to 
suppress alternative technical solutions and limit the growth of new high-tech firms
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providing new technologies. Overall, it can be concluded that there is evidence that 
technical standardisation is an external institutional factor which exerts positive 
influence on the commercial success of German biometrics manufacturers.
Concerning national security policy, the results show that the effect on firm 
performance is comparably high as the influence of international security policy and 
legislation. In many fields, national security policy follows international security policy 
initiatives, e.g. the deployment of biometrics to machine readable travel documents 
such as e-passports and ID cards. It is concluded that the institutional influence of 
national governmental policy can be triggered by supra-national policy, as this study 
shows at the example of security policy. Considering intra-group differences, the 
influence of national security policy on commercial success is most significant on firms 
selling to the public sector. Nevertheless, the example of the new German Weapons 
Law suggests that security legislation can in some cases positively influence the 
business of firms selling to the private sector.
Another contribution to the literature is the influence of certification processes and 
technical certificates on new high-tech firms. While previous researchers have studied 
the institutional role of technical standard-setting (Tate, 2001), the role of technical 
certification has not been studied sufficiently. Certificates are not only the practical 
application and prove of technical standards; they also have a trust-building function as 
they assure customers and business partners that a firm’s products comply with quality 
expectations. In the German biometrics industry, technical certificates are a significant 
positive market driver because they express a firm’s compliance with industry-specific 
legal and technical rules, which exerts a positive influence on firm success as 
concluded above.
The results confirm the literature that effective and trusted inter-organisational 
relationships are essential for knowledge-based high-tech firms which depend on 
cooperation across organisational boundaries (e.g., Bachmann, 2001). Considering 
that the German business system does not support radical innovations and that a 
supporting sectoral policy for biometrics does not exist, efficient inter-organisational 
cooperation is essential for the commercial success of knowledge-based technology 
firms like the biometrics manufacturers to transfer innovations to marketable products. 
There is also evidence that commercial success requires intensive inter-organisational 
relationships with a considerable level of mutual trust because most firms are not able 
to cover the entire value chain. As the literature suggests, those relationships are used 
as a mechanism to coordinate expectations and interactions with business partners 
(Ring and Van der Ven, 1994; Lane, 2000) and to share resources, knowledge and risk 
(Bachmann, 2001, 2003 and 2009). The study shows that the design of inter-
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organisational relationships in the German biometrics industry is typical for what has 
been associated with the German institutional framework; particularly, a high level of 
inter-firm authority sharing and institutionalisation of cooperation (Casper, 2001 ; Lane 
and Probert, 2005; Carlin and Soskice, 2008). Inter-organisational cooperation and 
trust-building are institutionalised through a dense network of trusted relationships, 
strong sectoral trade associations and engagement of firms with quasi-public research 
institutes (Vitols, 2001; Venohr and Meyer, 2007; Bachmann, 2009). This supports the 
argument that trust is a prerequisite for successful inter-organisational cooperation in 
markets with high uncertainty (Perks and Halliday, 2003). Among trust-building 
instruments, trade associations play a central role in the German biometrics industry 
(Bachmann, 2009 and 2010). There is evidence that engagement in trade associations 
has positive impact on the inter-organisational relationships of firms and, thereby, on 
firm success. Trade associations engage in three types of activities which have positive 
effects on firm success: First, bundling and representation of interests, second, 
communication and marketing, and third, information and networking. Beyond that, the 
results of the field study support Tate (2001) in that trade associations have a strong 
role in fostering technical standardisation. Further coordination instruments are prizes 
and awards and public technology tests, which are used to reduce uncertainty for 
business partners in a market with high uncertainty, as it is the biometrics market. 
Similarly, comparative public technology test results have high influence on firm 
success; either positive or negative depending on the test results. In all market 
segments and over all groups of biometrics manufacturers, prizes, awards and 
comparative public test results have a trust-building function and are used as an 
instrument to institutionalise trust in the biometrics sector, which is a new contribution 
to the literature on trust in inter-organisational relationships. While prizes and awards 
are advantageous for firms selling in all market segments, the positive effect of 
technology test results is limited to firms selling to the public sector. I conclude that the 
institutional role of prizes and awards and public technology tests should be further 
studied. Such study could be combined with an analysis of the role of technical 
certificates and compare institutional differences between coordinated and liberal 
market economies in this field.
The field study does not confirm secondary sources claiming that inter-organisational 
relationships between science and business in the German biometrics sector show 
inefficiencies. Quite the contrary, German biometrics manufacturers are deeply 
engaged in different types of cooperation across organisational boundaries. Inter- 
organisational relationships both between firms as well as between science and 
business are designed efficiently and do not impose a negative institutional factor for
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firm success. Previous studies are supported concerning the types of cooperation 
between firms. Whereas cooperation between manufacturers is mostly limited to loose 
supplier relationships, which can be considered as simple transactions or exchange 
relationships (Perks and Halliday, 2003), cooperation between manufacturers and 
integrators is more intensive and assumes the form of strategic alliances (ibid.). In the 
field of biometrics research, both universities and quasi-public research institutions play 
a decisive role for the effectiveness of such relationships. The results of the field study 
do not indicate the necessity to improve cooperation along the value chain.
Considering the influence of the financial system, the study confirms the literature 
concerning the patterns of firm financing in the German business system, particularly 
the focus on bank-centred financing and the limited availability of alternative sources of 
financing such as venture capital, the stock market and private investors (Hall and 
Soskice, 2001; Vitols, 2001; Whitley, 2003; Hassel and Williamson, 2004). As German 
banks are as well cautious to invest in new high-tech firms, biometrics manufacturers 
have difficulties to acquire sufficient sources of finance. These restraints in the capital 
market have a negative impact on biometrics firms because innovation cycles in this 
sector are rather long and firms need to finance long-term, cost-intensive technological 
developments. It is concluded that the setting of the German financial system, as far as 
the availability of financial sources for new high-tech firms is concerned, has a negative 
influence on German biometrics manufacturers. This conclusion does not only 
contribute another example to the literature that knowledge-based high-tech firms have 
difficulties to grow in a coordinated institutional framework. Moreover, it supports the 
argument that the commercial success of German biometrics manufacturers depends 
significantly on the constitution of external, institutional factors.
Concluding, the evidence shows that the influence of the wider external firm 
environment on the performance of German biometrics manufacturers is considerable 
and that the constitution of this environment does not support the growth of biometrics 
firms within the coordinated institutional framework. This confirms the political- 
economic literature in that the German institutional framework creates rather system- 
related, incremental innovations but does less support the creation of radical 
innovations in high-tech industries (Vitols, 2001). Even though international security 
policy, industry-specific legal and technical rules, national security policy and inter- 
organisational relationships exert a positive influence on firm success, the lack of a 
focused sectoral technology policy, widespread privacy concerns among the German 
population and the limited availability of financing instruments limits the business of 
biometrics manufacturers. In total, the positive influence of the supporting factors is not 
strong enough to compensate the negative effect of the limiting institutional factors.
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The German biometrics manufacturers have not been able to develop against the 
institutional framework because it does not support this type of new high-tech firms, 
even if they provide excellent internal capabilities.
There is a clear intra-group difference between firms selling to the public sector and
firms selling to the private sector. Although the positive effects of security policy and 
technical standardisation on firms selling to the private sector are less intensive than on 
firms selling to the public sector, the negative effects of the lack of a sectoral policy are 
similarly not as negative. Generally, firms selling to the private sector are less 
influenced by the institutional framework because they engage in projects which do not 
as strongly depend on governmental regulation and technical standards. Moreover, 
they have a more diverse, industrial customer basis than firms selling to the public 
sector, which depend on a few large public customers.
Concerning the research question how firms react strategically to these influences in 
their external environment, the results show four strategic patterns as a reaction to the 
impact of the external, institutional factors studied: First, internationalisation, second, 
extension of inter-organisational relationships, third, entry into new customer market 
segments, and fourth, product differentiation. It is concluded that firm strategies clearly 
reflect a reaction to the institutional conditions which surround firms, independent from 
the individual constitution of internal resources and capabilities. Although this does not 
implicate that factors created within the organisational boundaries of firms do not effect 
firm strategies, this supports the causal chain of Bain’s (1956, 1968) S-P-C paradigm 
and the models of industrial organisation that external conditions influence an 
industry’s structure, which then influences firm performance and firm conduct, i.e. firm 
strategy.
Based on the field data and the conclusions drawn from the field study I developed 
recommendations how to improve the setting of the external, institutional environment 
in which German biometrics manufacturers operate. The first part of recommendations 
addresses politics and public authorities and is displayed in Table 22:
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Table 22: Issues addressed to politics and authorities
Source: Field studies
Recommendations addressed to politics and authorities
Technical
standardisation
Further engagement in international standardisation 
" Make German standards and certifications more common abroad
■ Make BSI certification a requirement in international tenders, similar to 
NIST/FBI standards
■ Avoid setting standards which are too restrictive in prescribing technical 
details and might inhibit appropriate alternative technologies
Tests and awards
■ Revive technology test events and programmes
■ Sponsor public prizes and awards
Sectoral policy General sectoral policy
■ Develop a particular sectoral policy for the biometrics sector
■ Strategic, political and financial support of the biometrics sector by 
federal agencies
■ Protect remaining German biometrics manufacturers from foreign 
acquisitions, e.g. by means of a security partnership
■ Organise regular information exchange with firms
Research and development
■ Allocate higher investments in basic biometrics research
■ Invest regularly in biometrics research, e.g. by establishing a particular 
research promotion programme
■ Focus research promotion programmes on small firms to support new 
technologies and transfer them into products
■ Promote R&D projects that link research, development, implementation 
and application
■ Assign concrete development tasks to biometrics firms
■ Support research on biometric technologies beyond face and fingerprint
Customer role
■ Generate demand through public sector projects
■ Create reference projects that support firms in international competition
■ Finance public pilot projects, evaluate them and publish results
■ Finance citizen and e-government projects which include biometrics
■ Implement biometrics in administrative processes
■ Focus not only on large-scale projects, also organise small projects
Export promotion
■ Support firms in international markets
■ Promote “Biometrics made in Germany” as an international quality label
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■ Organise official business delegation journeys
■ Provide potential customer contacts via embassies
■ Send foreign delegations to German biometrics firms
■ Generate a pool of German firms and their expertise and place requests 
from abroad at Germ an firms
Firm  financing " Improve financial framework conditions, ease of access to finance
■ Ease access to finance for SMEs
" Provide financial support in international business, e.g. securing loans
■ Provide more financial instruments to finance start-ups and innovations, 
e.g. bank credits, and venture capital
Furthermore, I developed management recommendations for decision makers in 
German biometrics firms how to handle the influence of external factors on firm 
success. These recommendations are displayed in Table 23 and they primarily cover 
fields which are under control of firms: External communication, privacy and data 
protection and inter-organisational relationships. The following table lists these 
recommendations:
Table 23: Management recommendations 
Source: Field studies
Recommendations
External 
communication 
to the public
Communicate strengths and weaknesses of biometrics
■ Make the public more common with biometrics
■ Inform about the strengths and weaknesses of biometrics
■ Demonstrate the benefits of using biometrics
■ Communicate differences in technologies and use cases
■ Communicate biometric issues from different perspectives (e.g., user, 
employer etc.)
■ Admit technical limitations of biometrics
External 
communication 
to customers
Change perception from security to comfort
■ Instead of referring to the security benefits of biometrics, communicate 
biometrics as a process enabler to increase user convenience
■ Instead of communicating technologies and products, industry-specific 
stories and concrete application fields, e.g. for retail, automotive, energy 
etc., could raise the interest of potential customers
■ Generate clear benefits in terms of cost reduction, workflow 
acceleration, robustness, green benefits etc.
■ Customer benefits must be bigger than barriers to use
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Privacy and 
data protection
■ Always comply with data protection requirements
■ Balance security and privacy requirements individually for every single 
application. Only implement security technologies and measures that 
are balanced to the actual threat
■ The use of biometrics must be deliberate; Offer fall-back alternatives
■ Privacy by design: Design products data protection-friendly, e.g. match 
on card, multimodal and hybrid solutions
" Compare the risks of biometrics with existing alternatives which are not
free of risks either.
Inter-
organisational
relationships
■ Organise in networks and trade associations to support application 
fields and transfer research results directly to the market
There are some limitations of this study which lead to recommendations for future 
researchers. First of all, I restricted my research to the German institutional framework 
because there is a fundamental lack of studies in the biometrics industry, which leaves 
sufficient ground for analysis in this industry within a single political economic 
framework. Nevertheless, the focus on data collection within the German business 
system limits the explanatory power of the data regarding the influence of the German 
institutional framework because the data does not allow a comparative analysis with 
other institutional settings. To overcome this limitation, I included a comparative 
international element at selected points both in the literature review and, when the data 
provided evidence, in the empirical part, with particular focus on the discussion of 
governmental sectoral technology policy. Future researchers are recommended to 
conduct an international comparative study to compare the influence of different 
institutional environments on firms in the biometrics sector. In this respect, my work 
may have prepared the ground for future comparative international studies.
Second, this study uses a qualitative research methodology and is based on the 
perceptions of respondents, as well as firm documents. The data were not statistically 
tested as it would have been the case in a quantitative research framework. My own 
perceptions may have influenced the data and the findings are subject to my 
interpretation. At the same time, this interpretivist approach and the qualitative 
methodology allowed gathering in-depth data that could hardly be obtained with a 
quantitative research methodology (Patton, 2002). Nevertheless, it would be of interest 
for future researchers to assess this research field with a different methodological 
approach.
Third, this study is also limited insofar as there might be other factors in the wider 
external firm environment which exert influence of firm success in the biometrics 
industry but are not covered by this study. Due to the complexity and interwoven nature
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of the phenomena observed it is hardly possible to analyse and discuss all influence 
factors in the external firm environment in a single study. Therefore, it is left to future 
researchers to study the influence of other external, institutional factors on firm success 
in this industry and further evaluate the inter-connectedness of factors.
Overall, this study provides a basis for researchers who wish to assess whether my 
results are transferable to other sectors and industries, or whether my results only hold 
true in the biometrics sector. For example, the role of international security policy and 
technical standardisation are a unique characteristic of the biometrics industry, similarly 
observable in other security-relevant industries or generalisable. Moreover, inter- 
organisational relationships and the role of trust in the biometrics sector are worth 
being studied in a separate doctoral thesis.
Beyond political economic considerations, this study has pointed to sociological issues 
and cultural phenomena which could be subject of further research, namely the role of 
risk-behaviour and the attitude towards new technologies within the German 
population. It could be of great interest to evaluate the impact of socio-cultural 
differences between market economies on the innovation climate and on firm success, 
using the research context of a selected high-tech industry such as the biometrics 
industry.
This study contributes to the existing body of knowledge in several respects. First, it 
applies an inter-disciplinary perspective by linking political economic, institutional 
research with strategic management and applies this perspective to a group of high- 
tech firms which has not been used as a case by researchers in both fields -  the 
biometrics manufacturers. Here, this study provides results which partly differ from 
previous studies, e.g. concerning the patterns of governmental support in liberal and 
coordinated types of market economy, the role of international and supra-national, 
quasi-governmental institutions in the field of security policy and the emergence of 
high-tech industries in a coordinated market economy. Second, it contributes to the on­
going discussion in strategic management to what extent external factors contribute to 
firm success and strengthens those theorists who have argued that the constitution of 
the external environment is vital for firm success. The results of my study suggest that 
beyond internal success factors, strategic management researchers should pay more 
attention to the wider external environment when discussing the sources of firm 
success and the factors determining firm performance. This should include 
consideration of political economic factors, which has been widely underrepresented in 
strategic management research. It can be drawn as a conclusion that external, 
institutional factors indeed exert considerable influence on the commercial success of 
German biometrics manufacturers. The study shows that the best core competencies
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are of little value if the external firm environment in a particular industry or strategic 
group is structured in an unfavourable manner.
Third, the study has revealed the impact of external, institutional factors on firms which
have been hardly been studied, e.g. security policy and public data privacy concerns. 
Fourth, the study is positioned at the link of institutional and organisational research 
and provides new insights how firms react strategically to such institutional influences. 
The results show that the connection of comparative political economic research and 
strategic management is rather fruitful for both streams of literature. Future researchers 
are recommended to further assess the connection of management research, political 
economic research and organisational strategies.
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Reflective Diary
Motivation
At the beginning of the DBA programme at the University of Surrey in January 2009 I 
did not have a clear idea of the topic I would like to study. All I brought with me was 
interest in the particularities of the biometrics sector and the desire to improve my 
methodological and personal skills. Although I appreciated the practical orientation of 
my undergraduate studies which had helped me to orientate quickly in the 
management world, and although I enjoyed the management insights I received during 
the masters programme I had yet regretted the limited scientific orientation of these 
programmes. When talking with people with a scientific background I felt curios to learn 
more about their approach to the world and improve my skills in this field with an own 
research project. I also felt the need to drill deeper into the topic I studied in this thesis 
after having observed it over years, realising that it had only been fragmentarily 
discussed in the existing literature. The University of Surrey’s DBA programme 
provided an opportunity to become part of the research world without giving up my job 
in the industry which I perceive as highly interesting and satisfying.
Achievements
Since I had only little knowledge about the philosophical, intellectual and 
methodological foundations of research I perceived the first year of the programme as 
very rewarding. In the course of this year my rather general idea of research turned into 
a deeper understanding and a concrete set of methodological and personal skills, 
covering the philosophical underpinnings of research, quantitative and qualitative 
research methods, critical reading and writing, and proposal writing. Perhaps the most 
important achievements were, first, to get an overview of the nature of research and, 
second, the ability to be reflective about the position of other researchers as well as my 
own position. Particularly, the module on critical reading and writing helped me to 
distinguish good from poor pieces of work, a skill that is not only helpful in the world of 
research but also a concrete take away for managers. In this stage I developed my 
own interpretivist epistemological stance, which was already an indication for the 
methodological decisions I had to take later.
The module on proposal writing was a good practice because I learned to define and 
structure a research subject following the logical chain from the idea over the literature 
and the research questions down to the methodology. At the end of this module I had 
prepared my own research proposal, which was more advanced comparing to my initial 
research idea, which I had written down on a single page at the beginning of the 
programme.
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Another milestone was the first contact to my supervisors and the first visit to Guildford, 
not only considering the new personal contacts but also because it meant to get 
acquainted with the British academic system, which was a new and exciting 
experience. When I came back from the first meeting at Guildford I realised that I 
needed to change the focus of my project by placing more emphasis on the academic 
side of the subject. I realised that the industrial context of my study, the biometrics 
sector, was only one occurrence of certain phenomena which needed to be studied 
from an academic perspective. I found this perspective in the strategic management 
literature and in the comparative political economic literature, and I perceived this new 
insight as personally enriching and rewarding. My vague ideas suddenly received a 
concrete shape, and for the first time I felt that this could be a sound research project 
which might contribute to the body of knowledge.
The next step was to review different streams in the strategic management literature, 
the political economic literature and selected sources in related fields such as political 
scientific studies and the technical academic literature in the field of biometrics. At this 
stage of my work, a new world opened its gates for me. Every journal article I read 
added new perspectives to my own ideas, made them grow and opened new horizons 
for this study. In the literature I found many parallels to my specific research context 
and I realised that the issues I studied could possibly as well be observed in other 
sectors because they were caused by underlying structures which needed to be 
revealed. Before that, I had no idea that my practical experiences relate to such a 
broad body of literature and that some of my early observations have been discussed 
by previous researchers in other business sectors. Yet I found that my research could 
contribute to the body of knowledge because the field I was interested in had not been 
subject of other studies in detail, and little research had been undertaken in the 
German biometrics sector at all.
Although I enjoyed reviewing the literature I also found it difficult to move within 
different streams of literature at the same time, and I often felt the danger to drift away. 
Occasionally, I lost confidence and more than once I thought about changing my 
subject because it seemed too complex. Sometimes it felt as if the topic was sliding 
through my hands and disappearing. Yet every time the topic returned I perceived it 
clearer and more exiting. At a later stage I started to feel that I had the clue in my 
hands, especially when I came to synthesize the findings of other researchers, to 
connect literature that had hardly been connected before, to create something new or 
point to a certain problem which had not been studied by previous researchers before. 
At the end this enabled me to shed light on my own field and connect the literature with 
a practical management context.
165
Accompanied by regular consultation with my supervisors I finished with a first draft of 
the literature review and worked out my research aims and questions. Here I felt 
difficulties to focus my work and tell the reader in a few, clear sentences what the aim 
of my research actually was, and what questions I would like to answer empirically. I 
still consider this achievement as valuable, not only for this study but also for further 
project in research or practice.
Developing my methodology turned out to be more challenging than I had expected. 
Although this section is a smaller piece of the final dissertation, writing it was time 
consuming because I had to work through different methodology books, which was not 
always as exciting as the literature review. I prepared a first draft of my methodology 
chapter at the beginning of 2011, and a revised version was approved by my 
supervisors by Easter 2011. Every month I gained new insights and at the end I had 
prepared 4 different drafts of the methodology chapter. I perceived the approval of my 
methodology as an actual achievement because it allowed me to start with empirical 
field work.
The next challenge was to contact the potential sample firms. Luckily, all firms except 
one took part in the study, and I even got to know a firm I had not heard of before, 
which turned out to be another interesting case. Interviewing the respondents was 
certainly the most exciting part of my study. I learned a lot on how to ask about things, 
to listen carefully and to think about respondents’ answers. The experience gained 
from the pilot interview provided the opportunity to change the way of asking slightly, to 
formulate questions more clearly, and to realise optimisations such as to avoid filler 
words. The most challenging aspect at this stage was the need to formulate questions 
in a way that respondents without the theoretical and methodological background I had 
acquired would understand them, and still make sure the questions were appropriate to 
gather the information I needed to answer the research questions. It was part of my 
learning experience that even questions I considered as simple could not be asked 
directly because respondents had not gone the same academic road I had over the 
past months. I found it required careful consideration what needed to be explained and 
what would have been confusing if explained to respondents.
Other challenges were more profane, for example traffic jams and late flights which 
almost prevented some of the interviews from being conducted. One respondent 
changed the place of the interview on the same day via e-mail but I did not read the 
mail when I was travelling, which caused logistical trouble when I arrived at the meeting 
point originally agreed on and discovered that the interviewee was not there. 
Eventually, I managed to call the person and meet elsewhere. Another issue was of 
inter-cultural nature, as I had difficulties to work with the Chinese accent of one
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respondent. This caused additional efforts during the interview and in the course of the 
transcription process when I discovered that hardly any sentence was grammatically 
correct, even though the content was highly valuable. It was a positive inter-cultural 
experience to work with this interviewee and work with the recorded words of this 
respondent.
After having conducted approximately half of my interviews I reached a stage where I 
found that answers started to repeat. Although every interview contained new 
information, even the last one, the share of new information declined constantly. At the 
same time, I felt that my questions became better and more precise. Even though I had 
outsourced transcription, waiting for the transcripts, correcting unclear parts and filling 
gaps in the transcripts took longer than expected. Against this background I 
recommend every researcher who is not transcribing regularly to outsource this task to 
a professional service.
At this point, I had established a good working mode for myself. I worked regularly 2 
hours on 5 evenings per week and the same amount of time during the day on 
weekends. After all, a total effort of 10-15 hours a week was effective to meet the 
timeline. Although I managed to work regularly I yet realised what burden this was for 
my family. Over several years I spent every “free” evening at the PC, not even 
considering travelling time, e.g. in the data collection stage. It is not difficult to imagine 
that this led to conflicts in my partnership, and I learned how essentially researchers 
need support from their personal surrounding.
During the analysis and interpretation stage I found it useful to reconfirm whether the 
things I was doing were still useful to answer the research questions, and whether they 
still matched with the methodology I had chosen earlier. When I had finished with the 
extraction of contents from the interviews and documents, the next important milestone 
was a supervisor meeting at the University in January 2012 when I discussed my work 
and open questions with supervisors. The additional hints I got there alerted me of 
some mistakes and made clearer what the examiners would expect. At the same time, 
this meant approval to start writing my discussion chapter. I realised that this would be 
hard work considering the need to establish entire new sections, go through the data, 
find patterns and analyse them, work out findings, relate them to literature, discuss and 
summarise issues, find graphical expressions etc. Yet I felt that this work helped me to 
establish a sound level of scientific working and I could remain my working mode most 
of the time.
By the end of March 2012 I had prepared a first, rough draft of the discussion chapter. 
Since I was not absolutely sure that the things I had done in the past months would 
always comply with my methodology I went back to methodology to prove and correct
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minor issues. In summer 2012 I wrote the conclusion chapter. At the end this was one 
of the shortest but most difficult chapters. After having written two hundred pages it 
appeared to be difficult to tell the reader in a few pages what my original aims and 
questions had been, what I had done, how my work answers these questions and how 
this relates to the literature. Particularly, I found it difficult to draw clear conclusions 
instead of providing a summary of the thesis. This step helped me to further improve 
my ability to focus on what was really important and distil the core points from a large 
amount of data and words. The thesis was submitted in September 2012. Following the 
doctoral viva in February 2013, I revised the thesis during spring and summer 2013. 
This work was extremely challenging as the revisions required a considerable amount 
of time and energy and needed to be done at night and on the weekend.
Lessons learned
I feel I have progressed in many different fields but most important I have acquired a 
set of skills in three areas:
Methodologically, I have acquired a useful set of skills, all of which are not restricted 
to the use in this study; quite the contrary, they can be used in future, either in research 
or in management. Perhaps most important is the ability to structure and analyse new 
subjects, which is required in virtually all areas of life. Considering research methods, I 
am now able to conduct quantitative and qualitative research using several different 
logical and methodological approaches. Among the qualitative research methods I 
consider the capability to conduct professional interviews as especially useful because 
I have learnt to ask things clearly, to the point and focused on the desired outcomes. In 
addition to that, interviewing people has improved my listening abilities. Regarding 
research tools I perceive my knowledge on the use of scientific databases, ISI Web of 
Science, the Social Science Citation Index etc. as helpful for future work. The ability to 
read critically what other people have written, and to write critically myself are surely 
another valuable gain.
Personally, I found it highly valuable to think about my philosophical position in the 
world and reflect on the nature of the world and knowledge. This is a personal 
enrichment for my life which goes far beyond this research study. I also learned to 
challenge things more critically, may it be my own work or the work of others, and not 
believe what is written just because it has been published. In addition to that, I learned 
to avoid haziness in expression and tell me and others what exactly my aims and 
questions are. Writing a doctoral thesis also means to manage research, work and 
family. Although I had been able to work under pressure before, the doctoral 
programme certainly strained and sometimes overstretched my personal resources
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and capabilities. In writing this doctoral dissertation, I learned to remain focused to a 
subject over years, while avoiding digressions and distractions. I learned to work hard 
and remain focused even when other things consume large shares of energy, may it be 
little children or a responsible profession. Particularly, during the time of revision in 
2013 I learned to endure high pressure and continue working on a challenging project 
over a long time. This experience will certainly enable me to achieve future goals.
I have also considered it exciting to experience different academic systems. Having 
completed this thesis, I have now worked in the framework of the British academic 
system in the DBA programme, the American academic system in the MBA 
programme, and the German academic system in my undergraduate studies as well as 
in the MBA programme. I found it notable that management research and management 
practice are two separated worlds with different career paths, different audiences, and 
different media. According to my experiences, most practitioners do know little about 
the scientific and academic background of management and management models. 
Practitioners hardly read any management research journals; instead, this community 
has an own ecosystem of trade journals. Vice versa, management researchers are 
often not too deeply involved in practical issues, and they consider trade journals as 
less valuable than scientific journals. As a consequence of this separation, research 
results are often not transferred to practice. Considering this, the DBA programme has 
been an exceptionally valuable experience for me coming from a practical 
management background, and I hope that the results will be helpful for researchers as 
well as practitioners.
Professionally, I am sure to be able to adopt the methodological and personal skills to 
my management career. For example, sound research methods can be applied to 
management projects in the industry and the knowledge acquired in this study.
What would I do differently when I did it again?
Although I think I have worked rather thoroughly, I would do some things differently if I 
had to undertake this study again, which is mainly a result of the additional skills and 
experiences I have acquired in the course of my research. For example, at the 
beginning of the research project I would probably see more clearly what the actual 
research issue could be, instead of remaining too long and sometimes misleadingly in 
contextual and technical issues. It would take less time and consideration to find my 
position and role in the scientific coordinate system, and to determine a research 
methodology appropriate to this position. Eventually, I would probably focus on a 
smaller set of sources and drill down deeper within these sources, perhaps using a 
case-oriented approach.
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